Serial No. 09/406,729 Docket No. CIT/K-0090 

Amendment dated January 11. 2006 
Reply to Office Action of July 12. 2005 

REMARKS / ARGUMENTS 

Claims 1-13, 34-47, 49-60, 63 and 64 are pending in this application. By this 
Amendment, new claims 63 and 64 have been added. 

In reply to the Final Office Action dated July 12, 2005 rejecting claims 1-13, 34-47 and 
49-60 under 35 USC 112, first paragraph, reconsideration and withdrawal of this rejection are 
respectfully requested. 

For example, the Patent Office indicates that claims 1 and 10 recite selecting the 
transport format according to the decided bearer service profile type, and the specification does 
not show any correlation between the decided bearer service profile type and how it is used to 
select the transport format. Further, the Patent Office indicates that claims 34 and 58 recite 
determining the transport format combination set according to the type of wireless service and 
the radio measurement, but the specification does not draw any correlation between a particular 
wireless service and environment measurements are and how they correspond to a determined 
particular transport format combination set to be used. It is respectfully submitted that such a 
rejection is erroneous since the Patent Office has not met its initial burden. 

The test of enablement is whether one reasonably skilled in the art could make or use the 
invention from the disclosures in the patent coupled with information known in the art without 
undue experimentation.". In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404 (Fed. Cir. 1988). See 
also United States v. Telecttvnics, Inc., 857 F.2d 778, 785, 8 USPQ2d 1217, 1223 (Fed. Cir. 1988). A 
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patent need not teach, and preferably omits, what is well known in the art. In re Buchner, 929 F.2d 
660, 661, 18 USPQ2d 1331, 1332 (Fed. Cir. 1991); Hybritech, Inc. v. Monoclonal Antibodies, Inc., 802 
F.2d 1367, 1384, 231 USPQ 81, 94 (Fed. Cir. 1986), cert, denied, 480 U.S. 947 (1987); and 
Undemann Maschinenfabrik GMBH v. American Hoist <& Derrick Co., 730 F.2d 1452, 1463, 221 
USPQ 481, 489 (Fed. Cir. 1984). Determining enablement is a question of law based on 
underlying factual findings. In re Vaeck, 947 F.2d 488, 495, 20 USPQ2d 1438, 1444 (Fed. Cir. 
1991); Atlas Powder Co. v. E.I. du Pont de Nemours <& Co., 750 F.2d 1569, 1576, 224 USPQ 409, 
413 (Fed. Cir. 1984). 

In order to make a Section 112, first paragraph, rejection, the examiner has the initial 
burden to establish a reasonable basis to question the enablement provided for the claimed 
invention. In re Wright, 999 F.2d 1557, 1562, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993) (examiner 
must provide a reasonable explanation as to why the scope of protection provided by a claim is 
not adequately enabled by the disclosure). A specification disclosure which contains a teaching of 
the manner and process of making and using an invention in terms which correspond in scope 
to those used in describing and defining the subject matter sought to be patented must be taken 
as being in compliance with the enablement requirement of 35 U.S.C. 112, first paragraph, unless 
there is a reason to doubt the objective truth of the statements contained therein which must be 
relied on for enabling support. 
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Assuming that sufficient reason for such doubt exists, a rejection for failure to teach how 
to make and/or use will be proper on that basis. In reMar^occhi, 439 F.2d 220, 224, 169 USPQ 
367, 370 (CCPA 1971). As stated by the court, "it is incumbent upon the Patent Office, 
whenever a rejection on this basis is made, to explain why it doubts the truth or accuracy of any 
statement in a supporting disclosure and to back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement. Otherwise, there 
would be no need for the applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure." 439 F.2d at 224, 169 USPQ at 370. 

As further set forth in MPEP 2164.04, doubt may arise about enablement because 
information is missing about one or more essential parts or relationships between parts which 
one skilled in the art could not develop without undue experimentation. In such a case, the 
examiner should specifically identify what information is missing and why one skilled in the art 
could not supply the information without undue experimentation. See MPEP § 2164.06(a). 
References should be supplied if possible to support a prima facie case of lack of enablement, but 
are not always required. In re Manycchi, 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971). 
However, specific technical reasons are always required. 

In the present rejection, the Patent Office has not provided why one of ordinary skill in 
the art could not supply the information without undue experiment, and has provided no 
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technical reasons for supporting this Section 112, first paragraph, rejection. In fact, the Patent 
Office questions are contrary to what is known to one of ordinary skill in the art. 

Attached herewith in Appendix A is a textbook entitled WIDEBAND CDMA FOR 
THIRD GENERATION MOBILE COMMUNICATION, copyrighted 1998, which discusses 
the general technology in this area known to one of ordinary skill in the art. Further, Appendix B 
is an article entitled "An Overview of Air Interface Multiple Access for IMT-2000/UMTS" 
having a date of September 1998, which conclusively dates the textbook as being written or 
published before September 1998 since page 190 of the textbook references this article. The 
textbook is further significant because there is a plethora of articles referenced at the end of each 
chapter of the book. 

Appendix C is an article entitled "UMTS/IMT-2000 Based on Wideband CDMA" dated 
September 1998. Appendix C further provides detailed description of the W-CDMA Air 
Interface including variable rate speech, packet data and circuit-switch data, frame structures, 
transport blocks, transport block size, transport format indicator , spreading and modulation, 
transport channel coding/multiplexing and channel coding, bit error rate, rate matching, SIR, 
mixed services, etc. 

Appendix D is a document entitled "Universal Mobil Telecommunication Systems 
(UMTS); Vocabulary for the UTRAN". Based on the web page download, this document has 
one of two possible dates, e.g., January 1998 or January 1999. However, the date is not 
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significant since this document in conjunction with Appendix C document indicates that one of 
ordinary skill in the art would appreciate the meaning of transport format indicator or transport 
format identification as a label for a specific transport format and a transport format set. This 
definition in conjunction with present specification would clearly indicate to one of ordinary skill 
in the art that transport combination set and transport combination format would be inherent in 
determination of the transport format indicator or identification. 

Even if the Patent Office determines that this Appendix D document is insufficient due 
to a date later than October 1998, it is respectfully submitted that any analysis of whether a 
particular claim is supported by the disclosure in an application requires a determination of 
whether that disclosure, when filed, contained sufficient information regarding the subject 
matter of the claims as to enable one skilled in the pertinent art to make and use the claimed 
invention. In this case, when filed refers to the date of filing in the US Patent and Trademark 
Office, which is September 28, 1999. 

Appendix E is a document entided 'Wideband Direct-Sequence CDMA (WCDMA), 
Evaluation Document" dated December 1997, and Appendix F is a document entided 
"Universal Mobile Telecommunications System (UMTS); Selection procedures for the choice of 
radio transmission technologies of the UMTS" dated April 1998. As shown in both documents, 
various services including speech service, circuit-switched services, and packet service are 
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considered in view of the environmental conditions, e.g., indoor, outdoor, pedestrian, and 
vehicular and requirements for bit rates, BER and channel activity. 

Based on such plethora of documents supporting what is known to one of ordinary skill 
in the art, the Patent Office rejection under Section 112 is unsupported, and there is no 
explanation as to why the Patent Office doubts the truth or accuracy of any statement in a 
supporting disclosure, and there is no acceptable evidence or reasoning to support the Section 
112, first paragraph, rejection. Hence, withdrawal of this rejection is respectfully requested. 

Even if the Patent Office has met its burden, the specification provides an enabling 
disclosure as to make and use the invention. 

As long as the specification discloses at least one method for making and using the 
claimed invention that bears a reasonable correlation to the entire scope of the claim, then the 
enablement requirement of 35 U.S.C. 112 is satisfied. In re Fisher, All F.2d 833, 839, 166 USPQ 
18, 24 (CCPA 1970). Failure to disclose other methods by which the claimed invention may be 
made does not render a claim invalid under 35 U.S.C. 112. Spectra-Physics, Inc. v. Coherent, Inc., 827 
R2d 1524, 1533, 3 USPQ2d 1737, 1743 (Fed. Or.), cert, denied, 484 U.S. 954 (1987). In the 
present disclosure, at least one method is discussed and illustrated. See, e.g., Figure 1 A or Figure 
IB. 

If a statement of utility in the specification contains within it a connotation of how to use, 
and/ or the art recognizes that standard modes of administration are known and contemplated, 
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35 U.S.C. 112 is satisfied. In re Johnson, 282 F.2d 370, 373, 127 USPQ 216, 219 (CCPA 1960); In 
re Hitchings, 342 R2d 80, 87, 144 USPQ 637, 643 (CCPA 1965). See also In re Brana, 51 R2d 
1560, 1566, 34 USPQ2d 1437, 1441 (Fed. Or. 1993). As disclosed in the specification, the 
present invention includes a transport format indicator/ transport format combination indicator 
related to bearer services and the environment. Based on Appendixes A-F, the standard modes 
of administration are known and contemplated. 

For example, if the service is speech and the environment is indoor, a first prescribed 
value can be assigned to the TFCL Further, if the service is speech and the environment is 
vehicular, a second prescribed value can be assigned to the TFCL As indicated in Appendixes A- 
F, and specifically Appendix E and F, various factors such as transport block size, transport 
block set, transport time interval, type of channel encoding, outer coding such as Reed-Solomon 
coding, outer interleaving, inner coding, inner interleaving and rate matching can be assigned to 
the dynamic part and the semi-static part of the TFCI, as disclosed in the specification. In other 
words, a first prescribed value of the TFCI would indicate speech in an indoor environment, and 
the prescribed value of the TFCI is associated with certain values of the dynamic part and the 
semi-static part. 

For further support, attached Appendix G is a Declaration under 37 CFR 1.132 by the 
inventor. As shown therein, the assignment of TFCI to a prescribed service would lead to a 
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transport format where various information for the dynamic part and semi-static part can 
provided based on what is known to one of ordinary skill in the art. 

It is respectfully submitted that the Patent Office did not meet its initial burden and/ or 
the specification provides an enabling disclosure. Hence, withdrawal of this rejection is 
respectfully requested. 

CONCLUSION 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
application is in condition for allowance. If the Examiner believes that any additional changes 
would place the application in better condition for allowance, the Examiner is invited to contact 
the undersigned attorney, Daniel Y J. Kim, at the telephone number listed below. 
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To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 
hereby made. Please charge any shortage in fees due in connection with the filing of this, 
concurrent and future replies, including extension of time fees, to Deposit Account 16-0607 and 



P.O. Box 221200 
Chantilly, Virginia 20153-1200 
703-766-3701 DYK/dak 
Date: January 11, 2006 

Please direct all correspondence to Customer Number 34610 

\\fk4\Documents\2016\2016-487\83450.doc 



please credit any excess fees to such deposit account. 




Respectfully submitted 



Attachments: Appendices A-G 
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A DCTD A /T ^ e k as ' s * or an y a * r ' nt ^ ace design > s now the common trans- 
MBj I I mission medium is shared between users (i.e., multiple access 



scheme). The underlying multiple access method for all mobile radio systems is FDMA; The 
performance of TDMA and CDMA has been subject to vigorous debate in recent years, 
without any definitive conclusions. This article gives an overview of worldwide research 
and standardization activities related to the multiple access schemes for third-generation 
mobile communications systems IMT-2000 and UMTS. 



Third-generation mobile systems offering high-bit- 
rate multimedia services are turning from engi- 
neers' dreams into reality as the regional standards bodies 
finalize their air interface proposals for International Mobile 
Telecommunications in the year 2000 (IMT-2000) [1]. Since 
the work started in the standardization bodies International 
Telecommunication Union task Group 8/1 (ITU TG8/1) for 
IMT-2000 and Special Mobile Group 5 (SMG5) subtechnical 
committee in European Telecommunications Standards Insti- 
tute (ETSI) for Universal Mobile Telecommunications System 
(UMTS), the third-generation activities have formed an 
umbrella for advanced radio system developments. The list of 
official targets for third-generation systems is long and 
diverse; small low-cost terminals, high spectrum efficiency, a 
global standard with a high degree of commonality, seamless 
roaming, and provision of services for mobile and fixed users 
, are just a few examples. Many of them are already fulfilled by 
the evolution of second-generation systems such as Global 
System for Mobile Communications (GSM), IS-136, IS-95, 
and PDC. However, from the air interface point of view, the 
goal of providing higher bit rates is still valid. Mobile users 
will want to use wireless access for multimedia applications 
demanding much higher bandwidth than is available today. 
Third-generation systems should be able to offer at least 144 
kb/s (preferably 384 kb/s) for high-mobility users with wide- 
area coverage and 2 Mb/s for low-mobility users with local 
coverage. In addition to applications calling for higher bit 
rates, users will also want to use multiple services simultane- 
ously. For example, a user could browse the World Wide Web 
while retrieving a file from a corporate intranet server as a 
background process. For network operators, third-generation 
systems will offer improved spectrum efficiency and increased 
flexibility to deploy new services. 

While other regional standards bodies were still, discussing 
various targets of third-generation systems, Japan began to 
roll out their contributions to third-generation technology. In 
the beginning of 1997, the Association for Radio Industry and 
Business (ARIB), a standardization body responsible for 
Japan's radio standardization, decided to proceed with the 
detailed standardization of wideband code-division multiple 
access (W-CDMA). The technology push from Japan acceler- 
ated standardization in Europe and . the US. During 1997 joint 
parameters for Japanese and European W-CDMA proposals 
were agreed upon. The air interface is commonly referred to 
as W-CDMA. In January 1998, the strong support behind 
wideband CDMA led to the selection of W-CDMA as the 
UMTS terrestrial air interface* scheme for frequency-division 
duplex (FDD) frequency bands in ETSI. the selection of W- 



CDMA was also backed by. the. Asian 
and American GSM operators. For 
time- division^ duplex (TDD). bands, a 
time-division CDMA (TD-ODMA) con- 
cept was selected. In the United States, 
the Telecommunications Industry Association (TTA) TR45.5 
committee, responsible for IS-95 standardization, adopted a 
framework for W-CDMA backward compatible to IS-95, 
Wideband cdmaOne (also referred as.cdma2000), in Decem- 
ber 1997. TR45.3, responsible for ISr 136 standardization, 
adopted a TDMA.-based third-generation proposal, Universal : 
Wireless Communications !(UWC-136), based on ^ the: recom- 
mendation from the Universal Wireless Communications 
Consortium (UWCC) in February.I?98.. . 

The IMT-2000 radio transmission techniques (RTTs) eval- 
uation process has recently started in ITU [1]. "Figure 1 
depicts the time schedule of ITU RTT development.' Since at 
the same time regional standards are being developed,, the 
relationship between the. ITU and regional standards is not . 
yet clear. However, the ITU call for, candidates has accelerat- 
ed the progress of regional standardization in the United 
States, Europe, Japan, and Korea, and it is expected to lead' 
to some convergence, possibly reducing the number of third- 
generation air interface standards. ■ . 

This article is structured as follows. It begins with, a discus- 
sion of third-generation radio access.research and. standard-, 
ization activities of the various third-generation air interface r 
proposals. We highlight the background of developments that 
have led to those air interface selections. We then describe 
W-CDMA-based radio interfaces, especially W-CDMA and 
Wideband cdmaOne. The article goes on to discuss TDMA- 
based air interfaces,. particularly UWC- 136. Orthogonal fre- 
quency-division multiplexing (OFDM)rbased air interface., 
schemes not selected in any of the standards bodies, are , then 
described. While the previous three sections concern air. inter- 
face schemes for FDD frequency bands, the next section 
describes TDD schemes. Finally, we conclude with a summary 
of the air interface selections and future directions in the 
research and standardization, activities toward the deployment 
of third-generation systems. . . 

Research and Standards Activities ^ 

Several research programs throughout the world have devel- 
oped and performed laboratory and field trials oh thkdVgener? 
ation. air interface and multiple access schemes [2j.. In the 
following we shortly describe the air interface research and 
standardization activities relevant to third-generation systems. 

The IMT-2000 Study Committee in ARIB was established 
in April 1993 to coordinate Japanese JR&D activities for JDvlT- 
2000.. In October 1994, the Radio Transmission Special Group 
was formed to perform technical, studies and to develop draft 
specifications for lMT-2000. .The Special Group consisted, of 



82 



0163-6804/98/$10.00© 1998 IEEE 



TPF.K Communications Magazine • September 1998 



two ad hoc groups: CDMA and TDMA [3], Original- 
ly, 13 different W-CDMA radio interfaces for FDD 
were presented to the IMT-2000 Study Committee. In 
early 1995 they were merged into three FDD propos- 
als, Core A, B, and C, and one TDD proposal. At the 
end of 1996 the four schemes were further combined 
into a single proposal where the main parameters 
were from Core A- For TDMA there were eight pro- 
posals. From these the group compiled a single carri- 
er TDMA system, multimode and multimedia TDMA 
(MTDMA). Furthermore, one organization proposed 
an OFDM scheme called band-division multiple 
access (BDMA) and was decided to carry on a study 
of this scheme. However, during 1997 it became clear 
that MTDMA and BDMA would not be standardized 
for IMT-2000 within ARIB. 

In Europe, the research programs funded by the European 
Cornmission (EC) have formed a framework for third-genera- 
tion air interface research. The Research of Advanced Com- 
munication Technologies in Europe (RACE) I program, 
launched in 1988 and lasting until June 1992, started the 
European third-generation research activities by investigating 
basic technologies such as modulation and coding. Between 
1992 and 1995, in the RACE II program, CDMA Testbed 
(CODIT) and Advanced TDMA (ATDMA) projects devel- 
oped air interface proposals and testbeds for UMTS radio 
access [2]. The two air interfaces were compared by Special 
Interest Group 5 (SIG5), but no decision to favor either as a 
main candidate for UMTS was made. The Advanced Commu- 
nication Technologies and Services (ACTS) program was 
launched at the end of 1995 to support collaborative mobile 
research and development. Within ACTS the Future Radio 
Wideband Multiple Access System (FRAMES) project inves- 
tigated hybrid multiple access technologies in order to select 
the best combination as a basis for further detailed develop- 
ment of UMTS radio access system. Based on this evaluation, 
a harmonized multiple access platform, FRAMES Multiple 
Access (FMA), was designed consisting of two modes: FMA1, 
a wideband TDMA scheme with and without spreading, and 
FMA2, a W-CDMA scheme [4]. FMA1 without spreading has 
roots in the ATDMA scheme and its subsequent develop- 
ments [5]. FMA1 with spreading, also known as TD-CDMA, 
is based on joint detection CDMA, proposed in [6]. The W- 
CDMA scheme, which formed the basis for FMA2, was origi- 
nally proposed in [7]. 

The UMTS air interface selection process in ETSI was 
started in 1997 by grouping the submitted air interface con- 
cepts into five different concept groups. FMA2 and three W- 
CDMA schemes from Japan were submitted into the Alpha 
group. The Beta group evaluated FMA1 without spreading 
together with some other TDMA ideas. Two OFDM concepts 
were submitted to the Gamma group. The Delta group evalu- 
ated FMA1 with spreading (i.e., the TD-CDMA scheme). In 
the beginning another hybrid scheme, code time-division mul- 
tiple access (CTDMA), was also considered in the Delta 
group. The Epsilon group considered opportunity-driven mul- 
tiple access (ODMA), which is a relay technology in principle 
applicable to all multiple access schemes. 

In the concept group evaluation process, the FMA2 pro- 
posal was considered together with the W-CDMA schemes 
from Japan. At the same time, the International Coordination 
Group (ICG) in ARIB had discussions on the harmonization 
of different CDMA proposals. These two efforts led to the 
harmonization of the parameters for ETSI and ARIB W- 
CDMA schemes [3]. The main parameters of the current 
scheme are based in the uplink on FMA2 and in the downlink 
on the ARIB W-CDMA. Also, contributions from other pro- 




□ Figure 1 . ITU timelines. 



posals and parties have been incorporated to further enhance 
the concept. In January 1998, ETSI SMG agreed to base 
UMTS FDD component on the harmonized W-CDMA 
scheme, and UMTS TDD on TD-CDMA principles. 

In the United States, TIA technical committees TR45 and 
TR46 are responsible for the standardization of mobile and per- 
sonal communications systems. In TR46.1, a W-CDMA air inter- 
face is being standardized for wireless local loop applications. 

During 1997 several W-CDMA proposals were submitted 
to TR45.5 for the development of the Wideband cdmaOne 
scheme [8]. A common characteristic of all these schemes is 
backward compatibility to IS-95. In December 1997, TR45.5 
agreed on the basic framework for the Wideband cdmaOne. 

In the beginning of 1997, within UWCC, the Global 
TDMA Forum (GTF) established the High-Speed Data 
(HSD) group to evaluate air interface candidates for IS- 136 
evolution toward the third generation. Several schemes, 
including TDMA, W-CDMA, and two OFDM schemes, were 
submitted to the HSD group. Based on these proposals 
UWCC developed the UWC-136 concept, which was accepted 
by TR45.3 in February 1998. UWC-136 consists of an 
enhanced IS-136 30 kHz carrier, a 200 kHz high-speed data 
carrier, and a 1.6 MHz wideband TDMA carrier for an indoor 
radio environment. The 200 kHz HSD carrier has the same 
parameters as the enhanced GSM carrier (Enhanced Data 
Rates for GSM Evolution — EDGE), currently a work item 
in the GSM phase 2+ standardization [9]. Wideband TDMA 
is based on FRAMES FMA1 without spreading [4]. 

In Korea, two W-CDMA schemes have been developed and 
submitted to the Telecommunications Technology Association 
(TTA) for standardization. The Electronics and Telecommuni- 
cations Research Institute (ETRI) has developed a W-CDMA 
scheme (TTA I) whose parameters are similar to Wideband 
cdmaOne [10]. The development of a network asynchronous 
W-CDMA scheme was started in 1994. This scheme has 
formed the basis for the TTA II W-CDMA scheme whose 
parameters are similar to ETSI/ARIB W-CDMA [11]. 

In addition to the air interface concept developments 
described above, an enormous amount of research has been 
devoted to different component technologies for third-genera- 
tion systems in both industry and universities. However, the 
work is continuing toward detailed standards; thus,. the differ- 
ent concepts and parameters presented in this article are still 
subject to change. 

CDMA-Based Schemes 

The third-generation air interface standardization for schemes 
based on CDMA seems to focus on two main types of W- 
CDMA: network asynchronous and synchronous. In network 
asynchronous schemes the base stations are not synchronized, 
while in network synchronous schemes they are synchronized 
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with each other within few microseconds. . 
As discussed, there are three network 
asynchronous CDMA proposals: W- 
CDMA in ETSI and ARIB and TTA II 
W-CDMA in Korea have almost similar 
parameters. A network synchronous W- 
CD MA scheme has been proposed by 
TR45.5 (Wideband cdmaOne) and is 
being considered by Korea (TTA I). In 
the following, we discuss the features of 
W-CDMA and Wideband cdmaOne and 
highlight the features of the TTA I and 
TTA II proposals where different. The 
main features of W-CDMA and Wide- 
band cdmaOne are presented in Table 1. 




I Figure 2. Relationship between chip 
rate (CR), roll-off factor (a), and 
channel separation (hf). 



Provision of multirate services ■ = ■ 
Packet data 
Complex spreading 
A coherent uplink using a user-dedi- 
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Seamless interfrequency handover 
Fast power control in the downlink 
Optional multi-user detection : . 



Technical Approaches — The main differences between W- 
CDMA and Wideband cdmaOne systems are chip rate, down- 
link channel structure, and network synchronization. 
Wideband cdmaOne uses a chip rate of 3.6864 Mchip/s for 
the 5 MHz band allocation with the direct spread downlink 
and a 1.2288 Mchip/s chip rate for the multicarrier downlink. 
W-CDMA uses direct spread with a chip rate of 4.096 
Mchips/s.. The multicarrier approach is motivated by a spec- 
trum overlay of Wideband cdmaOne with existing IS-95 carri- 
ers [12]. Similar to &95B, the spreading codes of Wideband 
cdmaOne are generated using different phase shifts of the 
same M-sequence. This is possible due to the synchronous 
network operation. Since W-CDMA has asynchronous net- 
work, different long codes rather than different phase shifts of 
the same code are used for cell and user separation. The code 
structure will determine, how code synchronization, cell acqui- 
sition, and handover synchronization are performed. 

In what follows, we first discuss the common third-genera- 
tion capabilities of all W-CDMA proposals. Thereafter, the 
specific technical characteristics for W-CDMA/TTA II and 
Wideband cdmaOne/TTA I are reviewed. 

Third-Generation CDMA Capabilities 

Compared to second-generation CDMA, the following new 
capabilities characterize third-generation W-CDMA: 
• Wider bandwidth and chip-rate 




I Figure 3. Time and code multiplexing principles. 



Bandwidth ^- The nomfoalbaridwidth 
for all third-generation proposals is 5 
MHz. There, are several reasons for 
choosing this bandwidth. First, data rates of 144 and 384 kb/s, 
the main targets of third-generation systems, are achievable 
within 5 MHz bandwidth with a reasonable capacity. Even 2 
Mb/s peak rate can be provided under limited conditions. Sec- 
ond, lack of spectrum calls for reasonably small minimum 
spectrum allocation,, especially: if the system has to be 
deployed within the existing frequency bands, occupied already 
by the second-generation systems. Third, the large 5 MHz 
bandwidth can resolve more multipaths than narrower band? 
width, increasing diversity and thus improving performance. 
Larger bandwidths of 10, 15, and 20 MHz have been proposed 
to support the highest data rates mor& effectively. : 

Chip Rate — Given the bandwidth, the choice of chip rate 
depends on spectrum deployment scenarios, pulse shaping, 
desired ma-jrimiiTn data rate, and dual-mode terminal implemen- 
tation. Figure 2 shows the relation between chip rate (CR) , . 
pulse shaping filter roll-off factor (a), : and channel separation 
(A/). If raised cosine filtering is used, spectrum is zero (in theo- 
ry) after CR/2*(1 + a). In Fig. 2 channel separation is selected . 
in such a way that two adjacent channel spectra do -not over- 
lap. Channel separation should be selected this way if there 
can be high power-level differences between adjacent carriers; 
For example, for W-CDMA parameters minimum channel 
separation (Afmin) for nonoverlapping carriers is (A/ m m = 
4.096*(1 + 0.22) = 4.99712 MHz; If channel separation is 
selected in such a way that the spectrum of two adjacent charU 
nel signals overlap, some power leaks from one carrier to 
another. Partly overlapping carrier spacing can be used, for 
example, in microcells, where the same anten- 
na masts are used for both carriers. . 

A designer of dual-mode terminals needs' 
to consider the relationships between the difV 
ferent clock frequencies of different. modes. 
Especially important are the transmitter and 
receiver sampling rates and the carrier raster. 
A proper selection of these frequencies for 
the standard would ease dual-mode terminal 
implementation. The different clock frequen- 
cies in a terminal are normally derived from a 
common reference oscillator by either direct 
division or synthesizing by the use of phase 
locked loop (PLL). The use of PLL will add 
some complexity. The W-CDMA chip rate 
has been selected mainly based on. considera- 
tion of backward compatibility with GSM and 
PDC; The Wideband cdmaOne chip rate is 
directly derived from the IS-95 chip rate. 

Muftirate — Multirate design means multi- 
plexing different connections with, different 
quality of service (QoS) requirements in a flex- 
ible and spectrum-efficient way. The provision 
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for flexible data rates with different QoS requirements can be 
divided into three subproblems: how to map different bit rates 
into the allocated bandwidth, how to provide the desired QoS, 
and how to inform the receiver about the characteristics of the 
received signal. The first problem concerns issues like multi- 
code transmission and variable spreading. The second prob- 
lem concerns coding schemes. The third problem concerns 
control channel multiplexing and coding. 

Multiple services belonging to the same session can be 
either time- or code-multiplexed, as depicted in Fig. 3 . 
Time multiplexing avoids multicode transmissions, thus 
reducing peak-to-average power of the transmission. A sec- 
ond alternative for service multiplexing is to treat parallel 
services completely separately, with separate channel cod- 
ing/interleaving, and map them to separate physical data 
channels in a multicode fashion, as illustrated in the lower 
part of Fig. 3. With this alternative scheme, the power and 
consequently the quality of each service can be controlled 
independently. 



Spreading and Modulation Solutions — A complex 
spreading circuit as shown in Fig. 4 helps reduce peak-to-aver- 
age power and thus improve power efficiency. 

The spreading modulation can be either balanced or dual- 
channel quadrature phase shift keying (QPSK). In the balanced 
QPSK spreading the same data signal is split into I and Q chan- 
nels. In dual-channel QPSK spreading, the symbol streams on 
the I and Q channels are independent of each other. In the 
downlink, QPSK data modulation is used in order to save 
code channels. QPSK data modulation allows using the same 
orthogonal sequence for both I and Q channels. 

Coherent Detection in the Uplink — Coherent detection 
will improve the performance of the uplink up to 3 dB com- 
pared to noncoherent reception used by the second-genera- 
tion CDMA system. To facilitate coherent detection a pilot 
signal is required. The actual performance improvement 
depends on the proportion of pilot signal power to data signal 
power. 
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Fast Power Control in the Downlink — To improve 
downlink performance fast power control is used. The impact 
of fast power control on the downlink is twofold. On one 
hand, it improves the performance in a fading multipath chan- 
nel; on the other, it increases the multi-user interference vari- 
ance within the cell since orthogonality between users is not 
perfect due to the multipath channel. The net effect, however, 
is improved performance.. 

Additional Pilot Channel in the Downlink for Beam- 
forming — The additional pilot channel facilitates deploy- 
ment of adaptive antennas for beamforming since the pilot 
signal used for channel estimation needs to go through the 
same path as the data signal. Therefore, a pilot signal trans- 
mitted through an omnicell antenna cannot be used for chan- 
nel estimation of a data signal transmitted through an adaptive 
antenna. 

Seamless interfrequency Handover — For third-genera- 
tion systems hierarchical cell structures (HCSs) consisting of 
overlaying macrocells on top of smaller micro- or picocells 
have been proposed to achieve high capacity. The cells 
belonging to different cell layers will be in different fre- 
quencies; thus, an interfrequency handover is required. A 
key requirement for support of seamless interfrequency 
handover is the ability of the mobile station to carry out cell 
search on a carrier frequency different from the current 
one, without affecting ordinary data flow. Different methods 
have been proposed to obtain multiple carrier frequency 
measurements. For mobile stations with receiver diversity, 
there is a possibility for one of the receiver branches to 
temporarily be reallocated from diversity reception and 
instead carry out reception on a different carrier. For sin- 
gle-receiver mobile stations, slotted downlink transmission 
could allow interfrequency measurements. In the slotted 
mode, the information normally transmitted during a cer- 
tain time (e.g., a 10 ms frame) is transmitted in less than 
that time, leaving idle time the mobile can use to measure 
on other frequencies. 

Multiuser Detection — Multi-user detection (MUD) has 
been subject to extensive research since 1986 when Verdu for- 
mulated an optimum MUD for an additive white Gaussian 
noise (AWGN) channel maximum likelihood sequence esti- 
mator (MLSE) [13], In general, it is easier to apply MUD into 
a system with short spreading codes since cross-correlation 
does not change every symbol as with long spreading codes. 
However, it seems that the proposed CDMA schemes would 
all use long spreading codes. Therefore, the most feasible 
approach seems to be regenerative parallel interference can- 
cellation algorithms which carry out the interference cancella- 
tion at the chip level, thereby avoiding explicit calculation of 
the cross-correlations between spreading codes from different 
users. Due to complexity reasons, MUD cannot be used in a 
similar way in the downlink as in the uplink. In addition, the 
mobile station is interested only in demodulating its own sig- 
nal in contrast to the base station, which needs to demodulate 
the signals of all users. Therefore, a simpler interference sup- 
pression scheme could be applied in the mobile station; Fur- 
thermore, if short spreading codes are used, the receiver 
could exploit the cyclostationarity (i.e., the periodic proper- 
ties) of the signal to suppress interference without knowing 
the interfering codes. 

Transmit Diversity — The downlink performance can be 
improved by transmit diversity. For direct-spread CDMA 
schemes, this can be performed by splitting the data stream 



and spreading the two streams using orthogonal sequences. 
For multicarrier CDMA, the different carriers can be mapped 
into different antennas. 

W-CDMA 

The specific features of the W-CDMA scheme are reviewed.. 
Most of these features also apply to the TTA II scheme. In 
the last subsection, TTA ITs differences from W-CDMA are 
higWighted. 

Spreading Codes — W-CDMA employs long spreading 
codes. Different spreading codes are used for cell separation 
in the downlink and user separation in the uplink. In the 
downlink Gold codes of length 2 18 are used, but they are trun- 
cated to form a cycle of 2 16 x 10 his frames. In order to mini- 
mize cell search time, a special scheme, short code masking, 
has been developed. The synchronization channel of W- 
CDMA is masked with an orthogonal short Gold code of 
length 256 chips spanning one symbol. The mask symbols 
carry information about the long code group to which the 
long code of the BS belongs. Thus, the mobile station first 
searches the short mask code and, after finding it, starts to 
search the long code among the codes, which belong. to the 
long code group. Earlier, a short VL-Kas ami code was pro- 
posed for the uplink to ease implementation of MUD. In this 
case code plarming would also be negligible because the num- 
ber of VL-Kasami sequences is more than one million. How- 
ever, in certain cases the use of short codes may lead to . bad 
correlation properties, especially with very small spreading 
factors. However, if MUD were not used, adaptive code allo- 
cation could be used to change the spreading code so that suf- 
ficiently good correlation properties are restored. The use of 
short codes to ease the implementation of MUD would be 
more beneficial in the downlink since the cyclostationarity of 
the signal could be utilized' for adaptive implementation of the 
receiver. Orthogonality between lie different spreading fac- 
tors can be achieved by tree-structured orthogonal codes [4]. 

Coherent Detection and Beamforming — In the down- 
link time-multiplexed pilot symbols are used for coherent 
detection. Since the pilot symbols are user-dedicated, they can 
be used for channel estimation with adaptive antennas as well. 
In the uplink W-CDMA employs time-multiplexed pilot sym- 
bols for coherent detection. 

Multirate — The W-CDMA traffic channel structure is based 
on a single code transmission for small data rates and multi- 
code for higher data rates. Multiple services belonging to the 
same connection are, in normal cases, timeTmultiplexedas 
depicted in the upper part of Fig. 3. Time multiplexing takes 
place after both possible outer coding and inner coding. After 
service multiplexing and channel coding, the multiservice data 
stream is mapped to one or more dedicated physical data chan- 
nels. In the case of multicode transmission* every other data 
channel is mapped into the Q and every other into the I chan- 
nel.. The channel coding of W-CDMA is based on convolution- 
al and concatenated codes. For services with BER = 10~ 3 a 
convolutional code with constraint length of 9 and different 
code rates (between 1/2 and 1/4) are used. For services with 
BER = lCh° a concatenated coding with outer Reed-Solomon 
code has been proposed. Topically, block interleaving over one 
frame is used. W-CDMA is also capable of interframe inter- 
leaving, which improves performance for services allowing 
longer delay. Turbo codes for data services, are under study. 
Since the total bit rate after channel coding and service multi- 
plexing can be almost arbitrary, rate matching is performed by 
puncturing or symbol repetition, which can be unequal. 
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I Figure 4. Complex spreading. 



Packet Data — W-CDMA has two 
different types of packet data trans- 
mission possibilities. Short data 
packets can be appended directly to 
a random access burst. This method, 
called common channel packet trans- 
mission, is used for short infrequent 
packets, where the link maintenance 
needed for a dedicated channel 
would lead to an unacceptable over- 
head. Larger or more frequent 
packets are transmitted on a dedi- 
cated channel. A large single packet 
is transmitted using a single-packet 
scheme where the dedicated chan- 
nel is released immediately after 
the packet has been transmitted. In 

a multipacket scheme the dedicated channel is maintained by 
transmitting power control and synchronization information 
between subsequent packets. The W-CDMA random access 
burst is 10 ms long and transmitted with fixed power, and the 
access principle is based on the slotted Aloha scheme. 

Differences Between W-CDMA and TTA II — The differ- 
ences of TTA II from W-CDMA are a continuous pilot in the 
uplink, QPSK spreading, optional synchronization in the 
uplink, and the downlink pilot structure. 

Since TTA D has long spreading codes, it uses two pilots in 
the downlink, a cluster pilot and a cell pilot, to reduce long 
synchronization time. A cluster consists of several cells, and 
under each cluster the same long spreading code pilots are 
reused. Each cluster has a cluster pilot which is also a long 
spreading sequence. There are 16 cluster pilots, and each clus- 
ter can have 32 cell sequences. Thus, a maximum of 48 pilot 
codes need to be searched: 16 cluster pilot codes and 32 cell 
pilot codes. A cluster pilot can be transmitted by the center 
cell of a cluster or by each cell. The former technique is suited 
to a hierarchical cell system [11]. 

To reduce the intracell interference, the TTA II W- 
CDMA scheme time synchronizes all users in the uplink with 
accuracy of 1/8 chip. This is done by measuring the timing in 
the base station and signaling the timing adjustment com- 
mands with a rate of 2 kb/s to the mobile station. However, 
multipath results in intracell interference, and the gain from 
the orthogonal uplink depends on the channel profile. In 
addition, the signaling traffic reduces the downlink capacity 
for each user by 2 kb/s. 

Wideband cdmaOne 

The specific features of the Wideband cdmaOne (now known 
as cdma2000) scheme are reviewed. The most of these fea- 
tures also apply to the TTA I scheme. In the last subsection, 
the TTA I differences from Wideband cdmaOne are high- 
lighted. 

Multicarrier — In addition to direct spread, a multicarrier 
approach has been proposed for the Wideband cdmaOne 
downlink since it would maintain orthogonality between 
Wideband cdmaOne and IS-95 carriers [12]. In the downlink 
this is more important since the power control cannot balance 
the interfering powers between different layers as in the 
uplink. However, the presence of multipath reduces the per- 
formance advantage of the multicarrier approach over the 
direct spread in an overlay scenario. Furthermore, if an opera- 
tor has a 5 MHz allocation and at least 1.25 MHz is already in 
use, the implementation of either multicarrier or direct spread 
overlay could be challenging [8]. 




Spreading Codes — On the down- 
link, the cell separation for Wide- 
band cdmaOne is performed by two 
M-sequences of length 3 x 2 15 , one . 
for the I and one for the Q channel, 
which are phase shifted by pseudo- 
noise (PN) offset for different cells. 
Thus, during the cell search process 
only these sequences need be 
searched. Since there is only a limit- 
ed number of PN offsets they need 
to be planned in order to avoid PN 
confusion [14]. In the uplink, user 
separation is performed by different 
phase shifts of M-sequence of length 
2 41 . The channel separation is per- 
formed using variable spreading fac- 
tor Walsh sequences, which are orthogonal to each other. 

Coherent Detection — In the downlink, Wideband cdmaOne 
has a common pilot channel, which is used as a reference signal 
for coherent detection when adaptive antennas are not 
employed. When adaptive antennas are used, an auxiliary pilot 
is used- as a reference signal for coherent detection. Code- 
multiplexed auxiliary pilots are generated by assigning a dif- 
ferent orthogonal code to each auxiliary pilot. This approach 
reduces the number of orthogonal codes available for the traf- 
fic channels. This limitation is alleviated by expanding the size 
of the orthogonal code set used for the auxiliary pilots. Since 
a pilot signal is not modulated by data, the pilot orthogonal 
code length can be extended, thereby yielding an increased 
number of available codes, which can be used as additional 
pilots. In the uplink, the pilot signal is time-multiplexed with 
power control and erasure indicator bit (EIB). , . 

Multirate Scheme — Wideband cdmaOne has two traffic 
channel types, the fundamental and supplemental channels, 
which are code-multiplexed. The fundamental channel is a 
variable-rate channel which supports basic rates of 9.6 kb/s 
and 14.4 kb/s and their corresponding subrates (i.e., Rate Sets 
1 and 2 of IS-95). It conveys voice, signaling, and low-rate 
data. The supplemental channel provides high data rates. In 
the downlink, services with different QoS requirements are 
code-multiplexed into supplemental channels. The user data 
frame length of Wideband cdmaOne is 20 ms. For the trans- 
mission of control information, 5 and 20 ms frames can be 
used on the fundamental channel. On the fundamental chan- 
nel convolutional code with a constraint length of 9 is used. 
On supplemental channels convolutional code is used up to 
14.4 kb/s. For higher rates Turbo codes with constraint length 
4 and rate 1/4 are preferred. Rate matching is performed by 
puncturing, symbol repetition, and sequence repetition. 

Packet Data — Wideband cdmaOne also uses the slotted 
Aloha principle. However, instead of fixed transmission power 
it increases the transmission power for the random access 
burst after an unsuccessful access attempt. When the mobile 
station has been allocated a traffic channel, it can transmit 
without scheduling up to a predefined bit rate. If the transmis- 
sion rate exceeds the defined rate, a new access request has to 
be made. When the mobile station stops transmitting, it 
releases the traffic channel but not the dedicated control 
channel. After a while it also releases the dedicated control 
channel as well, but maintains the link-layer and network- 
layer connections in order to shorten the channel setup time 
when new data needs to be transmitted. Short data bursts can 
be transmitted over a common traffic channel in which a sim- 
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I Figure 5. UWC-136 carrier types. 



pie automatic repeat request (ARQ) scheme is used to 
improve error rate performance. 

Difference Between TTA I and Wideband cdmaOne — 

The differences of TTA I from Wideband cdmaOne are a 1.6 
kHz power control rate instead of 800 Hz, a 10 ms frame 
length instead of 20 ms, and QPSK downlink spreading 
instead of complex spreading. In addition, the lowest chip rate 
of TTA I is 0.9216 Mchips/s instead of 1.2288 Mchips/s. 

TDMA-Based Schemes 

As already discussed, several TDMA schemes have been stud- 
ied for the third-generation air interface: ATDMA, GSM- 
compatibie ATDMA, MTDMA, FMA1 without spreading, 
and so on. Based on these studies, TDMA will emerge in the 
third-generation era as an evolution of the IS-136 standard. 
Furthermore, TDMA will be part of the continuing GSM evo- 
lution in the form of the EDGE concept The UWCC targets 
for the IS-136 evolution were to meet IMT-2000 requirements 
and an initial deployment within 1 MHz spectrum allocation. 
UWC-136 meets these targets via modulation enhancement to 
the existing 30 kHz channel (136+) and by defining comple- 
mentary wider-band TDMA carriers with bandwidths 
of 200 kHz and 1.6 MHz (136 HS). The 200 kHz carri- 
er, 136 HS (vehicular/outdoor), with the same parame- 
ters as EDGE, provides medium bit rates up to 384 
kb/s; and the 1.6 MHz carrier, 136 HS (Indoor), pro- 
vides highest bit rates up to 2 Mb/s. The parameters of 
the 136 HS proposal are listed in Table 2, and the dif- 
ferent carrier types of UWC-136 are shown in Fig. 5. 



the outer signal points of Q-O-QAM modulation are 
used. For each symbol 1 bit is transmitted and consecu- 
tive symbols are shifted by iz/2. A second modulation 
scheme with the characteristic of being a subset of the 
first modulation scheme and having the same symbol 
rate as the first modulation allows seamless switching 
between the two modulation types between bursts. 
Both modulation types can be used in the same burst. 
From a complexity point of view the addition of a mod- 
ulation which is a subset of the first modulation adds 
no new requirements for the transmitter or receiver. 
In addition to the originally proposed modulation schemes, 
Q-O-QAM and B-O-QAM, other modulation schemes — 
continuous phase modulation (CPM) and 8-PSK, are currently 
under evaluation in order to select the most optimal modula- 
tion for EDGE. 

Frame Structures — The 136 HS (vehicular/outdoor) data 
frame length is 4.615 ms, and one frame consists of eight slots. 
The burst structure is suitable for transmission in a high delay 
spread environment. 

The frame and slot structures of the 136 HS (indoor) carri- 
er were optimized for cell coverage for high bit rates. The HS- 
136 indoor supports both FDD and TDD methods. Figure 6 
illustrates the frame and slot structure. The frame length is 
4.615 ms and can consist of 

• 64 1/64 time slots of length 72 \ts 

• 16 1/16 time slots of length 288 us 

In the TDD mode, the same burst types defined for the 
FDD mode are used. The 1/64 slot can be used for every ser- 
vice from low-rate speech and data to high-rate data services. 
The 1/16 slot is to be used for medium- to high-rate data ser- 
vices. Figure 6 illustrates the dynamic allocation of resources 
between the uplink and downlink in TDD mode. 



Carrier Spacing and Symbol Rate — The motiva- 
tion for the 200 kHz carrier is twofold. First, the adop- 
tion of the same physical layer for 136 HS 
(vehicular/outdoor) and GSM data carriers provides 
economics of scale, and therefore cheaper equipment 
and faster time to market. Second, the 200 kHz carrier 
with higher order modulation can provide bit rates of 
144 and 384 kb/s with reasonable range and capacity, 
fulfilling IMT-2000 requirements for pedestrian and 
vehicular environments. The 136 HS (indoor) carrier 
can provide a 2 Mb/s user data rate with reasonably 
strong channel coding. 

Modulation — There are two new modulation meth- 
ods: quaternary offset quadrature amplitude modula- 
tion (Q-O-QAM) and binary offset QAM (B-O-QAM). 
Q-O-QAM can provide higher data rates and good 
spectral efficiency. For each symbol 2 bits are transmit- 
ted and consecutive symbols are shifted by rc/2. An off- 
set modulation has been proposed because it causes 
smaller amplitude variations than 16QAM, which can 
be beneficial when using amplifiers that are not com- 
pletely linear. The second modulation, B-O-QAM, has 
the same symbol rate of 361.111 ksymbols/s, but only 
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The physical contents of the time slots are 
bursts of corresponding length. Figure 7 illus- 
trates the definition of the three types of traffic 
bursts. Each burst consists of a training 
sequence, two data blocks, and a guard period. 
The bursts differ in length of burst (72 us and 
288 \is) and in length of training sequence (27 
symbols and 49 symbols), leading to different 
numbers of payload symbols and different nml- 
tipath delay performance. The number of 
required reference symbols in the training 
sequence depends on the length of the chan- 
nel^ impulse response, the required signal-to- 
noise ratio, the expected maximum Doppler 
frequency shift, arid the number of 
modulation levels. The number of 
reference symbols should not be too 
large so that the channel characteris- 
tics remain practically stable within 
the correlation window. The training 
sequence has to exhibit good correla- 
tion properties. Typically, training 
sequences have been optimized for 
good autocorrelation properties. 
However, 136 can also utilize inter- 
ference cancellation; thus, good 
cross-correlation properties are desir- 
able for good performance [15]. For 
136 HS (indoor), the longer sequence 
can handle about 7 ms time dispersion and the shorter one 
2.7 u,s. It should be noted that if the time dispersion is larg- 
er, the drop-in performance is slow and depends on the 
power delay profile. 

Multirate Scheme — The UWC-136 multirate scheme is 
based on a variable slot, code, and modulation structure. Data 
rates up to 43.2 kb/s can be offered using the 136+ 30 kHz 
carrier and multislot transmission. 136 HS (outdoor/vehicular) 
data services are shown in Table 3 . Depending on the user 
requirements and channel conditions, a suitable combination 
of modulation, coding, and number of data slots is selected. 
136 HS can offer packet-switched, and both transparent and 
nontransparent circuit-switched data services. Asymmetrical 
data rates are provided by allocating different numbers of 



Service name- Code* irate: Modulation Gross rate: Radio inter--; 

. ■ ■ face rateV * 




Figure 6. Wideband TDMA frame and slot structure. 




I Figure 7. Burst structure. 



I Table 3. Overview of data services for 136 HS (only single time slot 
rates shown). 



time slots in the uplink and downlink- For packet- switched 
services the radio hnk control (RLC)/medium access control 
(MAC) protocol provides fast medium access via a reserva- 
tion-based medium access scheme, supplemented by selective 
ARQ for efficient retransmission. 

Similar to 136 HS (outdoor/vehicular), 136 HS (indoor) 
uses two modulation schemes and different coding schemes to 
provide variable data rates. In addition, two different slot 
sizes can- be used. Error control for packet data services is 
based on the Type II hybrid ARQ scheme [4]. The basic idea 
is to first transmit a part of the coded data block, which is 
decodable separately. If decoding fails, part of the redundant 
information is transmitted and decoding is tried in the receiv- 
er. This goes on until all bursts containing data of the coded 
data block are sent once. After this, a burst or bursts having 
the worst quality estimate (e.g., signal-to-interference 
ratio) are retransmitted and diversity combined in the 
receiver. This kind of ARQ procedure can be used due 
to the ability of the RLC/MAC protocol to allocate 
resources fast and to send transmission requests reliably 
in the feedback channel [4], 

Radio Resource Management — The radio 
resource management schemes of UWC-136 include 
link adaptation, frequency hopping, power control, 
and dynamic channel allocation. Link adaptation 
offers a mechanism for choosing the best modulation 
and coding alternative according to channel and inter- 
ference conditions. Frequency hopping averages inter- 
ference and improves link performance against fast 
fading. For 136 HS (indoor) fast power control (frame 
by frame) could be used to improve performance in 
cases where frequency hopping cannot be applied 
(e.g., when only one carrier is available). Dynamic 
channel allocation can be used for channel assign- 
ments. However, when deployment with minimum 
spectrum is desired, reuse 1/3 and fractional loading 
with fixed channel allocation is used. 
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□ Figure 8. TDD interference scenario. 




□ Figure 9. An example TDD frame structure, 

OFDM-Based Schemes 

The introduction of OFDM into the cellular world has been 
driven by two main benefits: 

0 Flexibility — Each transceiver has access to all subcarri- 

ers within a cell layer. 
° Easy equalization — OFDM symbols are longer than the 

maximum delay spread, resulting in a flat fading channel 

which can be easily equalized.. 

Also, the introduction of digital audio broadcasting (DAB) 
based On OFDM and research of OFDM for HIPERLAN 
type II and wireless ATM have increased interest in OFDM. 

The main drawback of OFDM is the high peak-to-average 
power. This is especially severe for the mobile station and for 
long-range applications. Different encoding techniques have 
been investigated to overcome this problem. Furthermore, the 
possibility to access all the resources within the system band- 
width results in an equally complex receiver for all services, 
regardless of bit rate. Of course, a 
partial fast Fourier transform (FFT) 
for only one OFDM block is possible 
for low-bit-rate services, but this 
would require an RF synthesizer for 
frequency hopping. 

Table 4 shows the parameters of 
the OFDM air interface proposed 
by the Gamma group in ETSI. The 
Gamma concept has been devel- 
oped based on contributions from 
different OFDM schemes described 
in [2, 16]. 




□ Table 4. Main features of the OFDM propos- 
al [16]. 



Time-Dmsion Duplex 

The main discussion about the IMT^2000 air 
interface has been around technologies, for 
FDD. However, there are several reasons why 
TDD would be desirable. First, there will most 
likely be a dedicated frequency band for TDD 
within the identified UMTS frequency bands. 
Furthermore; FDD requires exclusive paired . 
bands, and spectrum for such systems is there- 
fore hard to find. With a proper design includ- 
ing powerful forward error correction (FEG), 
TDD can be used even in outdoor cells. The 
second reason for using TDD is said to be the 
flexibility in radio resource allocation; that is, 
bandwidth can be allocated by changing the 
number of time slots for. the uplink and down- 
link. However, the asymmetric, allocation of 
radio resources leads to two interference sce- 
narios that will impact the overall spectrum 
efficiency of a TDD scheme: 
o Asymmetric usage of TDD slots wffl impact 
the radio resource in neighboring cells. 
° Asymmetric usage of TDD slots williead to blocking of. 
slots in adjacent carriers within their own cell. 
Figure 8 depicts the first scenario. MS2 is transmitting, at 
full power at the cell border. Since MSI has a different 
asymmetric slot allocation than MS2, its downlink slots 
received at the sensitivity limit are interfered with by MSI, 
which causes blocking. On the other hand, since BS1 can 
have much higher effective isotropically radiated power 
(EIRP) than MS2, it will interfere with BS2. receiving MS2. 
Hence, the radio resource algorithm needs to avoid this kind 
of situation. 

In the second scenario, two mobiles would. be connected in 
the same cell but using different frequencies. The base station 
is receiving MSI on frequency fi using the same time slot; it 
uses on frequency fl to transmit to MS2. As shown in Table 5, 
the transmission will block reception due to the irreducible 
noise floor of the transmitter regardless of the frequency sep- 
aration between fl and fl. ■ . 

•. The third scenario where the 

blocking effect described above exists 
is an FDD system where the spare 
capacity in the low- traffic direction 
due . to momentary imbalance 
between the uplink and downlink 
may be used for two-way operation 
(i.e., TDD). 

Both TDMA- and CDMA-based 
schemes have been proposed for TDD. 
Most of the TDD aspects are common 
to TDMA- and CDMA-based air 
interfaces. However, in CDMA-based 
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TDD systems we need to change symmetry of all 
codes within one slot in order to prevent an interfer- 
ence situation where a high-power transmitter would 
block another receiver. Thus, TDMA-based solu- 
tions have higher flexibility. Wideband TDMA for 
TDD was discussed earlier. W-CDMA has been 
proposed for TDD in Japan and Europe. The frame 
structure is the same as for an FDD component (i.e., a 10 ms 
frame split into 16 slots of 0.625 ms each). Each slot can be 
used for either uplink or downlink. For Wideband cdmaOne a 
TDD component is under study. The proposed frame struc- 
ture is based on a 20 ms frame split into 16 slots of 1.25 ms 
each, 

UMTS W-CDMA TDD — In the UMTS TDD mode, a W- 
CDMA carrier with chip rate of 4,096 Mchips/s is divided in 
time between uplink and downlink (Le„ it applies TD-CDMA 
principles). The frame length is as in UTRA FDD, currently 
10 ms, and the number of time slots per frame is 16. Figure 9 
shows an example TDD frame structure with one switching 
point for uplink/downlink separation within a frame, Another 
option under study is multiple switching points. As shown, a 
burst consists of three parts {data block — midamble — data 
block). The TDD mode uses QPSK data modulation and cur- 
rently employs a fixed spreading factor. In addition, a variable 
spreading factor is under study. 

Conclusions 

We review third-generation standardi2ation-related radio access 
research activities. Furthermore, a technical overview of the air 
interface designs for IMT-2000 covering W-CDMA, TDMA, 
OFDM, and hybrid schemes was presented. "Die convergence 
of vast amounts of research results into a consistent standards 
framework has required an enormous amount of hard work, 
dedication, and hundreds and hundreds of meetings. However, 
this is only a starting point for the detailed specification work 
which has to be completed before commercial systems can be 
produced. Engineers' desire for improved solutions will still 
bring many changes to the current frameworks. 

During 1998 the different proposals will be submitted to 
the ITU RTT selection process. Meanwhile, regional stan- 
dardization activities will continue to refine the technical 
parameters of the proposals. Whether the outcome of these 
two parallel activities will result in further harmonization 
between the proposals remains to be seen. 
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The UMTS terrestrial radio access is based on wideband 4.096 
Mchip/s DS-CDMA technology. UTRA will be connected to an 
evolved GSM core network for both circuit and packet services. A merge between 
ETSI/Europe and ARIB/Japan based on W-CDMA, a GSM core network, and a common fre- 
quency allocation according to the ITU Recommendation of 2 GHz makes a global IMT- 
2000 standard feasible. UTRA based on W-CDMA fully supports the UMTS/IMT-2000 
requirements (e.g., support of 384 kb/s for wide- area coverage and 2 Mb/s for local cover- 
age). Furthermore, the air interface has flexible support of mixed services, variable-rate ser- 
vices, and an efficient packet mode. Key W-CDMA features also include improved basic 
capacity/coverage performance compared to second-generation systems, full support of 
adaptive antenna arrays, support of hierarchical cell structures with rnterfrequency han- 
dover, and support of asynchronous inter-base-station operation. There have been no con- 
straints due to strong requirements for backward compatibility with second-generation 
systems. This has facilitated a high degree of flexibility and a future-proof air interface. 
Extensive evaluations by means of simulations and field trials have been carried out by a 
number of companies, and full system tests are ongoing. Consequently. W-CDMA technol- 
ogy can now be regarded as a mature technology, ready to provide the basis for 
UMTS/IMT-2000. 



For more than a decade, research has been ongo- 
ing to find enabling techniques to introduce 
multimedia capabilities into mobile communications. 
Research efforts have been aligned with efforts in the Inter- 
national Telecommunication Union (ITU) and other bodies 
to find standards and recommendations which ensure that 
mobile communications of the future have access to multi- 
media capabilities and service quality similar to the fixed 
network. In Europe the European Commission has spon- 
sored research programs such as Research and Develop- 
ment of Advanced Communication Technologies in Europe, 
RACE- 1, and RACE-2, and Advanced Communications 
Technology and Services (ACTS) in order to stimulate 
research on future mobile communication. In particular, the 
projects CODIT (evaluation of code-division multiple 
access, CDMA) [1] and ATDMA (evaluation of time-divi- 
sion multiple access, TDMA) [2] within RACE-2 and 
FRAMES [3] within ACTS have been very important for 
Universal Mobile Telecommunications System 
(UMTSyinternational Mobile Telecommunications in the 
year 2000 (TMT-2000). 

These efforts have been denoted "third-generation (30) 
mobile communications" in pursuit of global recommenda- 
tions and standards for multimedia-capable mobile communi- 
cations. 

The question of mass-market acceptance of multimedia 
and discussion on finding market drivers for the enabling 
technologies have always been imperative. Many doubts have 
been raised on mass-market acceptance of nonvoice services. 
The "silver bullet" in terms of data communication for the 
mass market has always been subject to questions. 

However, with the strong emergence of the Internet and 
Internet-based techniques to provide multimedia services to 
the mass market, this "silver bullet" has been clearly identi- 
fied. With the strong growth of the Internet, parallel with the 
growth of mobile telephony, providing multimedia capabilities 



to mobile communications is equivalent 
to providing good Internet access to 
mobile users. 

First-generation mobile communica- 
tions provided analog voice communi- 
cations and other telephony services to 
mobile users. The main first-generation 
standards are AMPS, TACS, and NMT. 

Second-generation mobile communi- 
cations provided digital voice communi- 
cations, and with that also data services, 
mainly circuit-switched low- to medium- 
rate data communications (e.g., 9.6 
kb/s). In addition, the digital systems 
facilitated potential service enhance- 
ments such as many supplementary ser- 
vices and intelligent network 
capabilities. These second-generation systems are now well on 
the way to penetrating a global mass market. The second-gen- 
eration standards are Global System for Mobile Communica- 
tions (GSM), Digital AMPS (DAMPS)/IS-136, Personal 
Digital Cellular (PDQ, and cdmaOne/TS-95. 

With the introduction of the third generation (UMTS/IMT- 
2000), second-generation capabilities (voice and low-/medium- 
rate data) are extended, adding multimedia capabilities to 
second-generation platforms such as support for high bit rates 
and introduction of packet data/TP access. 

In line with the efforts of ITU to provide global recom- 
mendations for IMT-2000, a spectrum identification has been 
made, identifying parts of the 2 GHz band for IMT-2000 
usage (Fig. 1). 

From a standardization perspective, ITU has developed 
recommendations over a long period of time (since the late 
1980s) for IMT-2000. In line with the ITU work and also with 
regulatory efforts to ensure spectrum availability of the ITU 
identified rMT-2000 spectrum, various standards bodies are in 
the process of making standards for TMT-2000: the European 
Telecommunications Standards Institute (ETST) in Europe. 
Association of Radio Industries and Business (ARIB) in 
Japan, Telecommunications Industry Association (TIA) and 
T1P1 in the United States, and Telecommunications Technol- 
ogy Association (TTA) in South Korea. 

ETSI/Special Mobile Group (SMG) has been responsible 
for UMTS standardization since the early 1990s. A historic 
milestone was reached in January 1998, when the basic tech- 
nology for the UMTS terrestrial radio access (UTRA) system 
was selected. This decision contained the following key ele- 
ments: 

• For the paired bands 1920-1980 and 2110-2170 MHz 
wideband CDMA (W-CDMA) shall be used in frequen- 
cy-division duplex (FDD) operation 

• For the unpaired bands of total 35 MHz time-division 
code-division multiple access (TD-CDMA) shall be used 
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In Japan, ARIB has been the focus 
of IMT-2000 radio access activities. 
ARIB made an early decision for W- 

CDMA technology, and ARIB and ETSI have now harmo- 
nized their standards to the same W-CDMA technology. 

In this article we will give the rationale behind the Euro- 
pean decision in favor of W-CDMA. In the next two sections 
we give some background information on the underlying 
requirements of UMTSflMT-2000, and the evolutionary sce- 
narios from second-generation systems. We outline the main 
elements from a network and radio access perspective to be 
introduced into the second-generation platforms in their evo- 
lution to UMTS/IMT-2000, thus providing the framework for 
the introduction of W-CDMA technology. The following two 
sections are the main part of the article. The key features of 
WCDMA are pointed out, and some key arguments for 
choosing W-CDMA are given. We provide a detailed techni- 
cal description of the W-CDMA air interface, with the main 
focus on the physical layer. Finally, a summary is given. 

It should be mentioned that extensive evaluation of W- 
CDMA has been carried out, in both simulations and field tri- 
als. No results are given in this article; these can be found in 
[4, 5] and others. 

UMTS/IMT-2000 Requirements 

To provide end users with the necessary service quality for 
multimedia communications, mainly Internet access and 
video/picture transfer, higb-bic-rate capabilities are required. 

Good-quality Internet access requires a couple of hundred 
kilobits per second peak rate (e.g., to download information 
from the Web). Video, slow-scan video, and picture transfer 
services require bit rates ranging from a few tens of kilobits 
per second to roughly 2 Mb/s, depending on quality require- 
ments. 

Thus, the bearer capability targets for the third generation 
have been defined as: 

• 384 kb/s for full area coverage 
■ 2 Mb/s for local area coverage 

Because many multimedia applications are packet-orient- 
ed, it is essential to optimize third-generation techniques to 
effectively cater for variable bit rate and packet capabilities. 
With this approach radio and network resources can be avail- 
able on a shared basis to many users, thus utilizing the nature 
of this type of communications in a resource-efficient manner. 

Providing multimedia support also implies the need for 
flexibility. Being able to handle services with different bit rates 
and EtJNo requirements, and to multiplex such services in a 
multiservice environment is essential. Thus, third-generation 
technology must be optimized for flexibility in a resource-effi- 
cient way. 

GSM Evolution to UMTS/IMT-2000 
The Radio Perspective 

Adding third-generation capabilities from a radio access per- 
spective means mainly higher bit rate capabilities. Possible 
scenarios depend on spectrum availability for the operator. 
Depending on the spectrum situation, two different migration 
scenarios must be supported, namely: 

• Re farming of existing spectrum bands 

• New or modified spectrum bands 
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Figure 1. Spectrum allocation according to ITU. 



To support the different spectrum scenarios, two third-gen- 
eration radio access building blocks have been denned: 

• EDGE uses high-level modulation for a 200 kHz TDMA 
migration scenario, based on plug-in transceiver equip- 
ment that can migrate existing bands in small spectrum 
chunks. 

• UMTS is a new radio access network based on 5 MHz 
W-CDMA and optimized for efficient support of third- 
generation services. UMTS can be used in both new and 
existing spectra. 

The Network Perspective 

Adding third-generation capabilities from a network perspec- 
tive implies the addition of packet switching, Internet access, 
and IP connectivity capabilities. 

With this approach the existing mobile networks will reuse 
the elements of mobility support, user authentication/service 
handling, and circuit switching. Packet switching/TP capabili- 
ties will then be added to provide a mobile multimedia core 
network by evolving existing mobile telephony networks. 

The Global Approach 
The building blocks W-CDMA/EDGE for radio access and 
packet switching/IP network capabilities have been accepted 
in the standards selection process as the main technology ele- 
ments to evolve mobile communications into multimedia/third- 
generation. The standardization bodies representing the 
GSM, DAMPS, and PDC user communities have all made 
these selections. The standards selections are as follows: 

ETSUT1P1 (GSM) 
EDGE and W-CDMA radio access 

• Evolved GSM core network, including packet/IP capabili- 
ties 

arib/ttc 

• W-CDMA radio access 

• Evolved GSM core network, including packet/IP capabili- 
ties 

TR4S.3 (DAMPS/IS-136) 

• EDGE radio access 

• Evolved IS-41 network with introduction of packet/TP 
evolution 

With these selections Japan will join the global GSM com- 
munity in the IMT-2000 perspective with W-CDMA and 
evolved GSM core networks. The DAMPS community will, 
with the EDGE selection, obtain great synergies with the 
GSM community for IP-based services. Thus, the aspects of a 
global standard have been successfully reached. 

From now on, the focus of this article will be on the 
ETSI/UTRA W-CDMA proposal for IMT-2000. 

Key W-CDMA Features 

In this section, some of the key features of the W-CDMA air 
interface will be discussed. A detailed technical description, 
with emphasis on the physical layer, will be given later. 
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I Figure 2. Multiplexing variable bit-rate users. 



An air interface ba^ed on direct-sequence CDMA and 
operation at a wide bandwidth gives the opportunity to design 
a system with properties fulfilling the third-generation 
requirements. The key properties emphasized in W-CDMA 
are: 

• Improved performance over second-generation systems, 
including: 

- Improved capacity 

- Improved coverage, enabling migration from a second- 
generation deployment 

• A high degree of service flexibility, including: 

- Support of a wide range of services with maximum bit 
rates above 2 Mb/s and the possibility for multiple paral- 
lel services on one connection 

- A fast and efficient packet-access scheme 

• A high degree of operator flexibility, including: 
-Support of asynchronous inter-base-station operation 

- Efficient support of different deployment scenarios, 
including hierarchical cell structure (HCS) and hot-spot 
scenarios 

-Support of evolutionary technologies such as adaptive 
antenna arrays and multi-user detection 

- A TDD mode designed for efficient operation in unco- *' 
ordinated environments 

Performance Improvements 
Capacity Improvements — The wide bandwidth of W- 
CDMA gives an inherent performance gain over previous cel- 
lular systems, since it reduces the fading of the radio signal. In 
addition, W-CDMA uses coherent demodulation in the 
uplink, a feature that has not previously been implemented in 
cellular CDMA systems. Also, fast power control on the 
downlink will give improved performance, especially in indoor 
and low-speed outdoor environments at low Doppler. In total, 
for a speech service, these improvements are expected to 
increase the cell capacity o( W-CDMA by at least a factor of 
two (3 dB). 

Also, for high-bit-rate packet services W-CDMA will give 
very good capacity figures, In the ETSI W-CDMA evaluation 
report, the simulations of a 384 kb/s packet data service show 
that for a low-mobility radio channel, a total bit rate of 1.9 
Mb/s is available on the downlink of each W-CDMA carrier. 
For a typical Web-browsing application this would mean that 
130 simultaneous active users could be supported with one W- 
CDMA carrier, each user having 384 kb/s packet access with 
fast response. The traffic model assumes a user that actively 
looks for information on the Web. The average page size is 40 
kbytes. Approximately every sixth page is read more carefully, 
giving an average time per page of 22 s. 

In the above-mentioned capacity figures for W-CDMA, 



improvements from techniques such as adaptive 
antenna arrays, multi-user detection, or downlink 
antenna diversity have not been taken into 
account. W-CDMA has built in support for such 
techniques, which are likely to be introduced in 
the future. Adaptive antenna arrays can be intro- 
duced efficiently since the downlink physical chan- 
nel carries dedicated pilot symbols. Furthermore, 
spreading with short codes makes multi-user 
detection feasible. Transmit diversity will also be 
supported. 

Coverage and Link Budget Improvements — 
The coverage of W-CDMA is determined by the 
link performance through the link budget as shown 
in [6]. The coverage demonstrated for W-CDMA 
shows that it is possible to reuse GSM1800 cell 
sites when migrating from GSM to W-CDMA supporting 
high-rate UMTS services. Assumptions for the comparison are 
that the average mobile output power is equal in W-CDMA 
and GSM. W-CDMA receiver performance is based on the 
results in [6], while GSM performance is based on a GSM 
implementation. 

The results show that a W-CDMA speech service will tol- 
erate a few dB higher path loss than a GSM speech service. 
This means that W-CDMA gives better speech coverage than 
GSM, reusing the same cell sites when being deployed in the 
same or a nearby frequency band (e.g., GSM1800 vs. the 
UMTS band). In addition, a 144 kb/s circuit-switched data 
service can operate with at least the same coverage as a GSM 
speech service, thereby reusing the GSM cell sites. 

Service Flexibility 
One of the most important characteristics of W-CDMA is the 
fact that power is the common shared resource for users. In 
the downlink, the total transmitted power of an RF carrier is 
shared between the users transmitting from the base station 
by code-division multiplexing (CDM). In the uplink, there is a 
maximum tolerable interference level at the base station 
receiver. This maximum interference power is shared between 
the transmitting mobile stations in the cell, each contributing 
to the interference. 

Power as the common resource makes W-CDMA very flex- 
ible in handling mixed services and services with variable bit 
rate demands. Radio resource management is done by allocat- 
ing power to each user (call) to ensure that the maximum 
interference is not exceeded. Reallocation of codes, time slots, 
and so on is normally not needed as the bit rate demand 
changes, which means that the physical channel allocation 
remains unchanged even if the bit rate changes. Furthermore, 
W-CDMA requires no frequency planning, since one cell 
reuse is applied. 

This flexibility is supported in W-CDMA with the use of 
orthogonal variable spreading factor (OVSF) codes for chan- 
nelization of different users. The OVSF codes have the char- 
acteristic of maintaining downlink transmit orthogonality 
between users (or different services allocated to one user) 
even if they operate at different bit rates. One physical 
resource can thus carry multiple services with variable bit 
rates. As the bit rate demand changes, the power allocated to 
this physical resource is adjusted so that quality of service is 
guaranteed at any instant of the connection. 

A typical scenario for a fully utilized W-CDMA system 
includes a mix of simultaneous high-speed packet data users 
and low-rate voice user connections. Figure 2 shows an uplink 
example. This is done while maintaining high capacity and 
coverage for every service. Since power is the common 



72 



TEEE Communications Magazine • September 199S 



resource, multiplexing of services with very different char- 
acteristics can be achieved in an efficient way, utilizing the 
full capacity of the W-CDMA carrier. 

With the W-CDMA dual-mode packet access scheme, 
packet transfer can take place on both common and dedi- 
cated channels. In this way, the packet access can be opti- 
mized for fast access/response as well as for maximum 
throughput. The mode of operation is adaptively chosen 
based on estimated packet traffic characteristics, and docs 
not require any explicit user interaction. 

Operator Flexibility 

An important flexibility aspect is the incorporation of link 
improvements. If a technique to improve the link-level perfor- 
mance is introduced such as multi-user (joint) detection, 
downlink antenna diversity, or adaptive antennas, there is an 
immediate improvement for ail users. The reason is that if the 
link performance is improved even for only some of the links, 
the required power levels (and generated interference) for 
these links is immediately reduced. With the common shared 
power resource, and since there is single-cell reuse, this has an 
immediate impact in reduced interference for all users. The 
reduced interference can be utilized as higher capacity, better 
range, or improved link quality. 

Asynchronous Base Station Operation — In contrast to 
second-generation narrowband CDMA systems, W-CDMA 
does not require tight inter-base -station synchronization. This 
means, for example, there is no requirement that each base 
station should be capable of reliable Global Positioning Sys- 
tem (GPS) reception. This will significantly reduce the deploy- 
ment efforts, especially in indoor environments. 

Interfrequency Handover — The support of seamless inter- 
frequency handover through a downlink slotted mode is a key 
feature of W-CDMA, not previously implemented in cellular 
CDMA. Interfrequency handover is necessary for the support 
of HCS with overlapping micro- and macrocells operating on 
different carrier frequencies (Fig. 3). With the introduction of 
HCS, a cellular system can provide very high system capacity 
through the microcell layer, at the same time offering full cov- 
erage and- support of high mobility by the macroiayer. Inter- 
frequency handover is then needed for a handover between 
the different cell layers. 

A second scenario where interfrequency handover is neces- 
sary is the hot-spot scenario, where a certain cell that serves a 
high traffic area uses additional carriers to those used by the 
neighboring cells (Fig. 3). If the deployment of extra carriers 
is to be limited to the actual hot spot area, the possibility of 
interfrequency handover is essential. 

Support for Adaptive Antenna Arrays — As already 
mentioned, the W-CDMA system supports full utilization of 
adaptive antennas through the use of dedicated pilot symbols 
on both uplink and downlink. 

TDD Mode — According to the ETSI decision, the 
UTRA/TDD mode should be based on TD/CDMA technolo- 
gy. During the subsequent ETSI process, the parameters of 
the TDD mode have been completely harmonized to the W- 
CDMA-based FDD mode. The main difference between the 
FDD and TDD modes is that the TDD mode includes an 
additional TDMA component, allowing for interference 
avoidance by means of dynamic channel allocation. Such 
interference avoidance capabilities are highly valuable in case 
of uncoordinated operation of several systems within one geo- 
graphical area, a main application for TDD mode. Conse- 
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I Figure 3, Interfrequency handover. 



quently, the UTRA/TDD mode now provides a very good 
complement to the UTRAyFDD mode. 



A Detailed Description of the 
W-CDMA Air Interface 

This section describes the technical details of the W-CDMA 
air interface. The description is primarily focused on the phys- 
ical layer. However, a short discussion of the radio link con- 
trol (RLC) and media access control (MAC) layers is also 
given. The description focuses on the FDD mode of the 
UTRA concept. As already mentioned, the TDD mode is very 
similar to the FDD mode, but includes an additional TDMA 
component to allow for operation in uncoordinated environ- 
ments. It should be noted that many of the technical details 
described below are still under consideration and may be 
modified during the ongoing refinement phase of the work on 
the W-CDMA air interface within ETSI. This is especially 
true for the higher-layer protocols that were not part of the 
initial UTRA evaluation and decision phase. 

The Physical Layer 
Basic Radio Parameters — UTRA/FDD is based on 5 MHz 
W-CDMA with a basic chip rate of 4.096 Mchips/s, correspond- 
ing to a bandwidth of approximately 5 MHz. Higher chip rates 
(8.192 and 16.384 Mchips/s) are also specified. These chip 
rates are intended for the future evolution of the W-CDMA 
air interface toward even higher data rates (>2 Mb/s). 

The basic radio frame length is 10 ms, allowing for low- 
delay speech and fast control messages. 

W-CDMA carriers are located on a 200 kHz carrier grid 
with typical carrier spacing in the range 4.2-5.0 MHz. This 
flexible carrier spacing allows for the optimization of carrier 
spacing for different deployment scenarios. As an example, a 
larger carrier spacing is typically needed between carriers in 
different cell layers, compared to the carrier spacing needed 
between carriers in the same cell layer. 

Transport Channels — Transport channels are the services 
offered by the W-CDMA physical layer to higher layers. 
Transport channels are always unidirectional and either com- 
mon (i.e., shared among several users) or dedicated (i.e., allo- 
cated to a specific user). 

The following types of transport channels are defined in 
W-CDMA: 

• Broadcast control channel (BCCH) — A downlink com- 
mon transport channel used to broadcast system- and 
cell-specific control information. A BCCH is always 
transmitted over the entire cell. 

• Forward access channel (FACH) — A downlink common 
transport channel used to carry control information and 
short user packets to a mobile station, the location cell of 
which is known to the system. An FACH may be trans- 



IHEE Communications Magazine ■ September 1998 



73 



Variable-rate speech 




- 




10 or 20 ms * ■ 


fixed (=1) 


Variable 


Packet data 


10-80 ms 


Variable 


Fixed f- 300 bits) 


Circuit-switched data 


10-80 ms 


Fixed (> = 1) 


Fixed 



I Table 1. Transport-channel formats for some typical 



service cases. 



mitted over the entire ceil or over only a part of a cell 
(e.g., using adaptive antenna arrays) 

• Paging channel (PCH) _ A downlink common transport 
channel used to carry control information to a mobile 
station, the location cell of which is not known to the sys- 
tem. A PCH is always transmitted over the entire cell 

' «™Z?V S Ct \ anne ! {RACH) ~ An u P' ink amnion 
transport channel used to carry control information and 
short user packets from a mobile station. A RACH is 
always received from the entire cell 

• Dedicated channel (DCH) - A downlink or uplink dedi- 
cated channel used to carry user data or control informa- 
tion to/from a mobile station. A DCH may be 
transmitted/received over the entire cell or only part of a 
cell (e.g., using adaptive antenna arrays) 

nonDVZ'T °" 'm tranSp0rt Channel in the form of trans- 
port blocks. A variable number of transport blocks arrive on 

T: " channe ' at each transmission time instant. The 

tffilS trans P ort b '°<*s is, in general, different between 
different transport channels and may also vary in time for a 
specific transport channel. The time interval between conseeu 
«ve transmission time instants, the transmission time interval 
>s, .n general, d.fferent for different transport channels but is' 
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Rgure 4. Frame structure for the downlink dedicated physical chan- 
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Figure 5. Frame structure for the uplink dedicated physical channel 



limited to the set {10/20/40/80 ms} 
The transmission time interval of a 
transport channel typically corre- 
sponds to the interleaver span 
applied by the physical layer. 

Table 1 illustrates some exam- 
ples of transport channel formats 
for some typical service cases. 

. Physical Channel Structure 

rnul ! trUCtUre ~ Fi 8 ures 4 ™ d 5 i"«strate the basic W- 
F?,h^^ m r S nCtUt A f ° r d0Wnlinlc and u P' ink < respectively. 
f c IS frame of le "8fh 10 ms is split into Pilots of 
length 0 625 ms, corresponding to one power-control period. 

Dle?ed Li?h r ', nk ' ' aye , r I dedicated da,a is time-multi- 
£ r* y ? r C ° ntr01 informati O" w i'hin each slot. The 
layer 1 control information consists of known pilot bits for 

uoSdo^/r" 6 ' " tin,ati0n - P ° Wer con,ro1 (It 
ca^Sn l°° P , P0W ; er COn,r0 '' and a trans P° n forma ' indi- 
used inILL/ " dy me .? ,,oned ' Pilot bits are 

used instead of a common pilot in order to support, for exam- 

also on ihT/ i-VZ i-" tenna mays in the ba " "atiJn, 
effinw 5° d Tu m 1 k - Df^d P'l°t bits also allow for more 
efficient downhnk closed-loop power control. The TFI informs 
the receiver about the instantaneous parameters (block size 

SffSKsa*-* transport channd litip,exed 

not^TJ in Fi8 ' 4 ' ! h \ number ° f P« downlink slot is 

a ohS ,h may lZ m thC X . ZT>gt 2(M280 ' corresponding to 
a physical channel bit rate in the range 32-2048 fcb/s Tn 

ch C a n nn V ? ^"k highCr bit rat «' multi P ,e downlink physical 
hfs cat ?„" ^ tra f m,tted » P a ' a "" on one connection. In 
this case, the layer 1 control information is only transmitted 
on one physical channel, while the corresponding fields 
ot the other physical channels are empty 

In contrast to the downlink, there are two types of 
dedicated physical channels defined for the W-CDMA 
? P r k -™^?l! nk dedicate d physical data channel 
uplink DPDCH) and the uplink dedicated physical con- 
rol channel (uplmk DPCCH). The DPDCH carries the 
ayer 2 dedicated data, while the DPCCH carries the 
layer 1 control mformation. On the uplink, layer 2 data 
and layer 1 control information is thus transmitted in 
parallel on I different physical channels. The uplink layer 1 
control information is the same as for the downlink, (i e 
pilot bits, power-control commands for downlink closed- 
loop power control, and a TFI). 

. On the uplink, the number of bits per slot may vary 
m the range l(W40, corresponding to a physical channel 
bit rate in the range 16-1024 kb/s. To achieve even high- 
er bit rates, multiple uplink DPDCHs can be transmitted 
in parallel on one connection. 

Spreading and Modulation - Figure 6 illustrates the 
spreading and modulation of the downlink dedicated 
physical channel. Data modulation is quaternary phase 
shift keying (QPSK). that is, zpair of bits is spTead fo 

PsVte' 6 USi "l- he , Same cnann '!*ation code (binary 
,r BP ~*T s P read, ng) and subsequently scrambled by a 
™k?* C . I real , s " ambiin g "de (BPSK scrambling). 
Different physical channels in the same cell use different 
channelization codes. Several downlink physical channels 
can oe transmitted in parallel on one connection using 
different channelization codes in order to achieve higher 
channel bit rates (multicode transmission) 

■•„ m -r^owcf 1 ' 0 .," codes are 0VSF cod « a * defined 
in [7j. The OVSF codes preserve mutual transmit orthog- 
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onaliry between different downlink 
physical channels even if they use 
different spreading factors and thus 
offer different channel bit rates 
The use of OVSF codes is thus one 
key factor in the high degree of 
service flexibility of the W-CDMA 
air interface. 

The downlink scrambling code 
is a pseudo-noise code of length 
40,960 chips (10 ms). There are a 
total of 512 different scrambling 
codes available in the system, lead- 
ing to very low requirements on 
explicit scrambling code allocation 
between the cells. To support efficient cell search, the down- 
link scrambling codes are divided into 32 groups, each consist- 
ing or 16 codes. 

Figure 7 illustrates the spreading and modulation for the 
uplink dedicated physical channels. Data modulation is dual- 
channel QPS£ that , s , tne , and Q channek are used as 

u KSJSl 1 BPSK ch * nnch - F« the case of a single DPDCH 
the DPDCH and DPCCH are spread by «wo different ch.iT. 
nelization codes and transmuted on the I and Q branch 
respectively. If more than one DPDCH is to be transmitted' 
the additional DPDCHs can he transmitted on either the I or 
Q branch using additional channelization codes fmulticode 
transm.ssion). The total spread signal I+jQ i s subsequently 
complex scrambled by a connection-specific complex scram- 
□ling code. 

nJ^ " pl J nk channe!i2aii «>n codes are the same type of 

DPD?j$E?£rH ? thC J " WnlinlC ° rder t0 ensure 
UP DCH/DPCCH transmit orthogonality. The uplink scram- 
bling code is normally a pseudo-noise code of length 40,960 
chips (10 ms). However, as an option a short (256 chips) very 
large Kasami code may be used as scrambling code! Short- 
code scrambling is used on system request to support low- 
complexity multi-user detection in the base station. 

Downlink Common Physical Channels - The downlink 
common physical channels have a structure very similar to 
that of the downlink dedicated physical channels; compare 
Figs. 4 and 6. The main difference is that the downlink com- 
mon physical channels are of fixed rate (i.e., no TFT is need- 

' I™'!,' thC r l S "° corr «P°nding power-controlled 
uplink (i.e., the downlink common physical channels do not 
carry any power-control commands. Consequently, the layer 1 
control information of the downlink common physical chan- 
nels consists of pilot bits only. 

There are two types of downlink common physical channel- 
?iP™ ar y common contro | physical channel (primary 
CCPCH) is of fixed predefined rate and is transmitted 
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Figure 6. Downlink spreading and modulation. 



on a predefined channeliza- 
tion code common to ail cells. 
The primary CC?CU is used 
to transmit the BCCH and is 
the channel first acquired by 
the mobile station (MS). 
•The secondary common con- 
trol physical channel (sec- 
ondary CCPCH) is also of 
fixed rate. However, the rate 
may be different for different 
secondary CCPCHs within the 
cell and between cells. The 
secondary CCPCH is used to 
T - transmit the FACH and PCH. 

information about the channelization code of each sec- 
ondary CC?CH is broadcasted on the BCCH. 

I'fT w rt ;^ ne / Codin 9/Mu!tiplexing - A key feature 
of the W-CDMA air interface is the possibility to transport 
multiple parallel services (transport channels) with different 
quality requirements on one connection. 

The basic scheme for the channel coding and transport- 
channel multiplexing in W-CDMA is outlined in Fig. 8. Paral- 
lel transport channels (TrCh-1 to TrCh-M) are separately 
channel-coded and interleaved. The coded transport channels 
are then time -multiplexed into a coded composite transport 
channel (CC-TrCh). Final intraframe (10 ms) interleaving is 
earned out after transport-channel multiplexing. 

Channel Coding - Different coding and interleaving 
schemes can be applied to a transport channel depending on 
the specific requirements in terms of error rates, delay, and so 
forth. This includes the following: 




■sinfuif) 



C 0 Qy Channelization codes (OVSF) 
SscrambScrambling code (10 ms or 256 chips) 
P(fi Root-raised cosine, rcli-cff 0.22 



■ Figure 7. Uplink spreading and modulation 
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■ Figure 9. W-CDMA random-access structure. 
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■ Figure 1 0. Structure of W-CDMA random-access burst. 

• Rate 1.-3 cnnvoluiinnat coding is tvoicallv annHprf f or j ow . 

?oeZ "7iT Wi!h modera " te "ror rate requirements 
(dcK - 10" ). 

• A concatenation of rate 1/3 convolutions! coding and 
outer Reed-Solomon coding + interleaving can be 
applied for high-quality services (BER - 1(H). 

Turbo codes are also being considered and will most likely 
he adopted for high-rate high-quality services. 

Rate Matching - Rate matching is applied in order to 
match the bit rate of the CC-TrCh to one of the limited set of 
bit rates of ihe uplink or downlink physical channels; see the 
previous section. As shown in Fig. 8, rwo different rate-match- 
mg steps arc carried out: 

• Static ran matching — Static rate matching is carried 
out at the addition, removal, or redefinition of a trans- 
port channel (i.e., on a very slow basis). Static rate 
matching is applied after channel coding and uses code 
puncturing to adjust the channel-coding rate of each 
transput channel so that the maximum bit rate of rhe 

u . e ' S matchcd t0 lne bit rate of the physical 
channel. Static rate matching is applied on buih uplink 
and downlink. On the downlink the static rate is used 
to. if possible, reduce the CC-TrCh rate to the closest 
lower physical channel rate 
(next higher spreading factor), 
thus avoiding the over-alloca- 
tion of orthogonal codes on the 
downlink and reducing the risk 
of a code-limited downlink 
capacity. Static rate matching 
should be distributed between 
the parallel transport channels 
in such a way that the transport 
channels fulfill their quality 
requirements at approximately 
the same channel signal-to- 
interference ratio (SIR); that is. 



-I- 

static rate matching also per- 
forms "SIR matching." 
Dynamic rate matching — 
Dynamic rate matching is carried 
out once every 10 ms radio frame 
(i.e., on a very fast basis). 
Dynamic rate matching is 
applied after transport-channel 
multiplexing and uses symbol 
repetition so that the instanta- 
neous bit rate of the CC-TrCh is 
exactly matched to the bit rate of 
the physical channel. Dynamic rate 
matching is only applied to the uplink. 
On the downlink, discontinuous transmis- 
sion within each slot is used when the 
instantaneous rate of the CC-TrCh does 
not exactly match the bit rate of the phys- 
ical channel. 

It should be noted that, although transport- 
channel coding and multiplexing are carried 
out by the physical layer, the process is fullv 
controlled by the radio resource controller, for 
example, in terms of choosing the appropriate 
coding scheme, interleaving parameters, and 
rate-matching parameters. 



Random Access - The W-CDMA random 
access is based on a slotted Aloha sch<-m* 
where a random access burst can be transmitted in different 
access slots, spaced 1.25 ms apart (Fig. 9). 

Figure 10 illustrates the structure of a W-CDMA random 
access burst. It consists of two main parts, preamble and mes- 
sage. The preamble consists of a Iength-16 complex symbol 
sequence, the random access signature, spread by a cell-specif- 
ic preamble code of length 256 chips. The message part is 

Sin™ »* nVrru nd a con£ro1 part simiIar lo the «P«"k 
DPDCH and DPCCH, respectively. The control part consists 
of known pilot bits for channel estimation and a TFI which 
indicates the bit rate of the data part of the random access 
burst The W-CDMA random access scheme thus supports 
variable-rate random access messages. Between the preamble 
and message parts there is an idle time period of length 0.25 
ms (preliminary value). The idle time period allows for detec- 
tion of the preamble pan and subsequent online processing of 
the message part. 5 
Before a random access request can be carried out the 

T nrrv t}0 A mUSt acquire thc W^ng information from 
the BCCH of the target cell: 

■ The cell-specific spreading codes available for the pream- 
ble and message parts 

• The signatures and access slots available in the cell 

• The spreading factors allowed for the message part 



One radio frame (10 ms) 



One slot (0.625 ms) 



c 0 : Primary synchronization code 
c,'- 1: Secondary synchronization code 



Figure 1 1 . Structure of W-CDMA synchronization signal. 



76 



IEEE Communications Magazine * September IQQS 



Slot-timing acquired 



Frame timing and 
long-code group 
acquired 



long-code acquired 



• The primary CCPCH transmit 

* power level 

' The uplink interference level at the 
base station 

The steps carried during a random 
access request are as follows: 

1 The mobile station selects the 
spreading codes to be used for the 
preamble and message parts. The 
mobile station also selects the 
spreading factor (i.e., the channel 
bit rate) for the message part. 

2 The mobile station randomly selects 
the signature and access slot to be 
used for the random access burst. 

3 The mobile station estimates the 
downlink path loss and calculates 
the required uplink transmit power 
to be used for the random access 
burst. 

4 The mobile station transmits the random access burst. 

5 The mobile station waits for an acknowledgment on a 
corresponding downlink FACH. If no acknowledgment is 
received within a predefined timeout period, the random 
access procedure of step 2 is repeated. 

Asynchronous Base Station Operation — To allow for 
easy deployment in all types of environments, W-CDMA does 
not require tight inter-base-station synchronization. This 
affects the way in which ceil search as well as soft handover 
synchronization are implemented in W-CDMA. 

Cell Search with Asynchronous Base Stations — The W- 

CDMA cell search is a refinement of the scheme outlined in 
[8]. To support an efficient ceil search with asynchronous 
operation, each W-CDMA base station, transmits a special 
synchronization signal according to Fig. 11. 

The synchronization signal consists of the following two 
signals transmitted in parallel: 

♦ A repeatedly transmitted unmodulated orthogonal Gold 
code of length 256 chips, the primary synchronization 
code (PSC), with a period of one slot. The PSC is the 
same for every base station in the system and is transmit- 
ted time-aligned with the primary CCPCH (BCCH) slot 
boundary. By detecting the PSC, the mobile station 
acquires slot synchronization to the target BS. 

• A repeatedly transmitted length-16 sequence of unmodu- 
lated orthogonal Gold codes of length 256 chips, the sec- 
ondary synchronization code (SSC), with a period on one 
frame. Each SSC is chosen from a set of 17 different 
orthogonal Gold codes of length 256. There are a total 
of 32 possible SSC sequences indicating to which of the 
32 different code groups the base station downlink 
scrambling code belongs. The sequences are constructed 
in such a way that their cyclic-shifts are unique, that is, a 
nonzero cyclic shift of one 

sequence is not equal to any of 
the other 31 sequences. Conse- 
quently, by detecting the SSC 
sequence the MS does not only 
determine the scrambling code 
group, but also the frame tim- 
ing of the target BS. 
After the detection of the scram- 
bling code group, the MS searches 
all 16 downlink scrambling codes, 
typically using symbol-by-symbol 



Search for PCS 
using matched filter 



Decode 
SCS-sequence 



Search all codes in 
long-code group 



1 Figure 1 2. W-CDMA three-step ceil 
search. 



correlations over the fixed-rate primary 
CCPCH. 

Figure 12 summarizes the three-step 
cell-search procedure adopted for W- 
CDMA. 



Soft Handover with Asynchronous 
Base Stations — AJthough W-CDMA 
base stations are generally mutually asyn- 
chronous, inter-base-station synchroniza- 
tion on a connection level is needed in 
case of soft handover. Soft handover 
synchronization is carried out as follows: 
From the cell search, the mobile 
station can estimate the timing off- 
set between the downlink dedicated 
channel of the current base station 
and the primary CCPCH of the tar- 
get base station. 
• The estimated timing offset is 
transferred to the target base station using the current 
link with the old base station. 

• The target base station uses the estimated timing offset 
to adjust the timing of the new downlink dedicated chan- 
nel relative to that of the primary CCPCH. The adjust- 
ment is done in steps of 256 chips to preserve the 
downlink transmit orthogonality of the target base sta- 
tion. 

• Due to an (approximately) fixed offset between the 
downlink and uplink frame timing, the target base station 
can, from the estimated timing offset, estimate the 
approximate timing of the uplink dedicated physical 
channels to receive. 

Slotted Mode — In order to support interfrequency hand- 
over measurements a W-CDMA connection can enter a slot- 
ted mode [9]. During the slotted mode, the data normally 
transmitted during a 10 ms radio frame is instead transmitted 
in a shorter time, thereby creating an idle time period during 
which the MS receiver is idle and thus available for interfre- 
quency measurements (Fig. 13). The idle time period is creat- 
ed by either reducing the spreading factor or increasing the 
coding rate, and thus does not lead to any loss of data. Note 
that the slotted mode is only needed for time -critical real-time 
services. In the case of non-real-time services, typically packet 
data services, an idle time period for interfrequency measure- 
ments can easily be created by simply delaying packet trans- 
mission. 

The W-CDMA RLOMAC Layer 
In addition to the design of the W-CDMA physical layer, 
there has also been significant effort devoted to the design of 
the higher layers of UTRA. Here we will focus on the RLC 
and MAC layers, which are responsible for efficiently transfer- 
ring data of both real-time and non-real-time services. The 
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I Figure 13. Slotted-mode transmission. 
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■ Figure 14. Segmentation and transformation of network layer protocol data units. 
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I Figure 15. Packet transmission on a common channel (RACH). 



transfer of non-real-time data transfer includes the possibility 
of low-level automatic repeat request (ARQ), offering higher 
protocol layers reliable data transfer. In addition, the MAC 
layer controls but does not carry out the multiplexing of data 
streams originating from different services. 

Data Ffow — In order to achieve the requirements men- 
tioned above, the RLC layer segments the data streams into 
small packets, RLC protocol data units (RLC PDUs), suit- 
able for transmission over the radio interface. In Fig. 14 the 
data flow of the W-CDMA system is shown. Necwork-iayer 
PDUs (N-PDUs) are first segmented into smaller packets 
and transformed into link access control (LAC) PDUs. The 
LAC overhead (- 3 octets) typically consists of at least a 
service access points identifier and sequence number for 
higher-level ARQ and other fields. The LAC PDUs are 
then segmented into smaller packets, RLC PDUs, corre- 
sponding to the physical-layer transport blocks. Each RLC 
PDU contains a sequence number used for the low-level 
fast ARQ. A cyclic redundancy check (CRC) for error 
detection is calculated and appended to each RLC PDU by 
the physical layer. 

The data flow of the W-CDMA system is very similar to 
the data flow of General Packet Radio Service (GPRS) [10]. 
However, one important difference is that, in the GPRS, sys- 
tem a RLC PDU always consists of four bursts, while the code 
rate may vary. 

On the other hand, in the W-CDMA system all RLC 
PDUs have the same size, regardless of transmission rate. 
This means that since the transmission rate may change every 
10 ms, the number of RLC PDUs transferred each 10 ms 
varies. 

Mode! of Operation 

Packet Data Services — In this section we describe the 
model of operation when packets are transmitted in the 
uplink. Downlink packet transmission is carried out in a very 
similar way. 

In W-CDMA, packet data can be transmitted in three 
ways. First, if a layer 3 packet is generated, the MS radio- 
resource control (RRC) may choose to transmit the packet on 
the RACH (i.e., included in the message part of the access 
burst) (Fig. 15). This type of common-channel packet trans- 
mission is typically chosen if there is only a small amount of 



data to transmit (short or infrequent 
packets). In this case, no explicit 
reservation is carried out, i.e. the 
overhead is kept to a minimum. Fur- 
thermore, no explicit channel assign- 
ment is needed (i.e., the access delay 
is kept small). The main disadvan- 
tage is the risk of collisions on the 
common RACH and the fact that 
the RACH is not power-controlled, 
leading to higher £ 6 AV 0 require- 
ments. 

The second alternative for packet 
transmission is illustrated in Fig. 16. 
In this case, the MS first sends a 
resource request message, indicating what type of traf- 
fic is to be transmitted. The network then evaluates 
whether the MS can be assigned the necessary 
resources. If so, a resource allocation message is trans- 
mitted on the FACH. The resource allocation message 
consists of a set of transport formats and the specifica- 
tion of a dedicated channel to use for the packet trans- 
mission. Out of this set the MS will use one transport 
format to transmit the data on a DCH. Exactly which trans- 
port format the MS may use and at what time the MS may 
initiate its transmission is either transmitted together with the 
resource allocation message or is indicated in a separate 
capacity-allocation message at a later time. In situations 
where the traffic load is low, the first alternative is most like- 
ly to be used, while the second alternative is used in cases 
where the load is high and the MS is not allowed to immedi- 
ately transmit the packet. In Fig. 16 the first alternative is 
illustrated. 

This method of first requesting resources before trans- 
mitting data is used in cases when the MS has large packets 
to transmit. The overhead caused by the reservation mecha- 
nism is then negligible. Due to the fact that the MS gets 
assigned a dedicated channel, data transfer will be more 
reliable than with common-channel transmission in the 
RACH. The reason is that the dedicated channel is not a 
shared channel (i.e., no collisions will occur) and that 
closed-loop power control is used on the dedicated channel. 
The reason for assigning a set of transport formats and not 
only one is that the transport format can then more easily 
be changed during transmission in order to allow for more 
efficient interference control. 

The third alternative for packet transmission, illustrated in 
Fig. 17, is used when there is already a dedicated channel avail- 
able. The MS can then either issue a capacity request on the 
DCH, when the MS has a large amount of data to transmit, or 
simply start. The MS can already have a DCH at its disposal 
due to the fact that it uses it for another service. Another rea- 
son can be that the MS just finished transmitting packets on the 
DCH. It will then keep the DCH for a certain time. If in this 
time new packets arrive, the MS may immediately start trans- 
mission, using the transport format used during the last data 
transmission. Between packets on the DCH, link maintenance 
is done by sending pilot bits and power control commands, 
ensuring that the packet transmission is spectrally efficient. 

If no new packets have been generated within a specified 
timeout interval, the MS will release the DCH. However, the 
MS will keep the allocated transport format set. Thus, when it 
has new packets to transmit, only a short capacity request 
message need be transmitted on the RACH. 

Real-Time Services — For real-time services the allocation 
procedures are very similar. Once an MS has data to trans- 
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burst 



Link maintenance 



mit, it first issues a resource request mes- 
sage on the RACH, or, if an MS already 
ha's dedicated channels assigned to it t on 
the DCH allocated for control informa- 
tion. As a result the network now allo- 
cates the required resources, again by 
means of a set of transport for- 
mats. In contrast to the packet data 
case, where the MS first waits for a 
capacity allocation message, the 
MS can now start transmission 
immediately after it has received a 
resource allocation message. 
Another difference from packet 
data transmission is that the MS is 
now allowed 10 use any transport 
format allocated in the resource 
allocation message. In this way the MS can support variable 
bit rate services such as speech. 

Mixed Services - The MAC should also be able to sup- 
port multiple services. As mentioned previously, the physi- 
cal layer is capable of multiplexing bitstreams originating 
from different services. The MAC protocol controls this 
process by controlling the data stream delivered to the 
physical layer over the transport channels. This control can 
be particularly important when there is a lack of capacity in 
the system. 

If an MS wants to transmit data of different services, for 
example, a real-time service such as speech and a packet 
data service, it is assigned wo sets of transport formats, one 
for the real-time service and one for the packet data service. 
As mentioned in the single-service case, the MS may use any 
transport format assigned for the real-time service, whereas 
it may only use one of the transport formats for the data ser- 
vice. In the multiservice case, (he MS may use any transport 
format assigned to it for the speech service. In addition, the 
MS gets assigned a specific output power/rate threshold. The 
aggregate rate of both services must be below this threshold. 
The transport formats used for the data service are chosen 
out of the allocated transport format set in such a way that 
the aggregate output power/rate will never exceed the 
threshold. Thus, the transport formats used for data service 
fluctuates adaptively to the used transport formats of the 
speech service. 

Summary 

Starting in the early 1990s, extensive research in wideband 
CDMA has been carried out in Europe. EU-sponsored pro- 
grams such as COD1T and FRAMES have delivered pro- 
posals for UMTS/TMT-2000. In January 1998 ETSI decided 
to base the UMTS terrestrial radio access (UTRA) on a 
wideband 4.096 Mchip/s DS-CDMA technology. For the 
FDD mode (1920-1980 and 21 10-2170 MHz) a pure TV- 
CDMA technology will be used, and for TDD (35 MHz in 
total) a TDMA component is added. The radio network will 
be connected to an evolved GSM core network for both cir- 
cuit and packet connections. A merge between ETSI/Europe 
and ARiB/Japan based on W-CDMA, a GSM core network, 
and common frequency allocations according to the fTU 
Recommendation on 2 GHz makes a global IMT-2000 stan- 
dard feasible. 

..^ bascd on W-CDMA fully supports the UMTS/IMT- 
-000 requtrements (e.g., support of 384 kb/s with wide area 
coverage and 2 Mb/s with local coverage. High-bit-rate ser- 
vices will mainly be packet-oriented, with efficient access to 
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the Internet, and IP-based services. A very flexible air inter- 
face supporting a mix of services, variable-rate services, and a 
very efficient packet mode has been a strong driving force 
when designing the proposal. 

The key features of the UMTS W-CDMA proposal can be 
summarized as: 

• Flexible support of new multimedia services: Mixed ser- 
vices, variable-rate services, and an efficient packet 
mode. 

• Improvement of basic capacity/coverage performance: The 
main reason for the improvements is the extra frequency 
diversity due to the high bandwidth. With a coherent 
uplink and fast power control in both up- and downlinks, 
the basic performance is further improved. 

• Support of interfrequency handover: To efficiently sup- 
port hierarchical cell structures and interfrequency 
handover, a slotted transmission with idle time periods 
is used. During the idle periods, measurements on 
other frequecies can be carried out. These measure- 
ments are then used by the radio network for handover 
decisions. 

• Support of adaptive antenna arrays: Dedicated pilot sym- 
bols in both up- and downlinks facilitate user-unique 
antenna patterns using adaptive antenna arrays. 

• Asynchronous base stations: There is no requirement on 
inter-base-station synchronization; therefore, there is no 
requirement on any external system such as GPS. New 
efficient cell search schemes have been designed to facili- 
tate this. 

• The TDD mode: A TDMA component is included to 
support uncoordinated operation (e.g., in unlicensed 
bands). 

There have been no constraints due to backward compati- 
bility requirements to second-generation systems, which has 
facilitated the high degree of flexibility and future-proofness. 
Extensive field trials have been made by a number of compa- 
nies, and full system tests are ongoing. To conclude, W- 
CDMA is now a mature technology, ready to provide the 
basis for a true third-generation mobile communications sys- 
tem with full multimedia capabilities. 
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Foreword 

This ETSI Technical Report (TR) has been produced by the Special Mobile Group (SMG) of the European 
Telecommunications Standards Institute (ETSI). 

This TR is a collection of terms, definitions and abbreviations related to the Universal Mobile Telecommunications 
System (UMTS). 
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1 Scope 

This ETSI Technical Report (TR) is a collection of terms, definitions and abbreviations related to the baseline 
documents defining Universal Mobile Telecommunications System (UMTS) objectives and systems framework. This 
ETR provides a tool for further work on UMTS technical documentation and facilitates their understanding. 
The terms, definitions and abbreviations as given in this TR are either imported from existing documentation (ETSI, 
ITU or elsewhere) or newly created by UMTS experts whenever the need for precise vocabulary was identified. 



2 References 

References may be made to: 

a) specific versions of publications (identified by date of publication, edition number, version number, etc.), in 
which case, subsequent revisions to the referenced document do not apply; or 

b) all versions up to and including the identified version (identified by "up to and including" before the version 
identity); or 

c) all versions subsequent to and including the identified version (identified by "onwards" following the version 
identity); or 

d) publications without mention of a specific version, in which case the latest version applies. 

A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same 
number. 

[1] ETR 309: "Vocabulary of terms forUMTS". 

[2] UMTS 30.03 "Quality of service and dependability vocabulary". 

[3] ETSI SMG2 UMTS L2&L3 Expert Group, Tdoc SMG2 UMTS-L23 033/98: "Vocabulary Used in 

Radio Interface Protocol Specifications". 

3 Terms and definitions related to UMTS Radio 
aspects 

Streamlining: Process which changes the role of an RNS (serving and drift) when one or multiple drift RNSs are 

involved in a connection. 

Common Channel 

Dedicated Channel 

Shared Channel 

Non-Access Stratum 

Access Stratum 

Access Stratum SDU (Service Data Unit): Unit of data transferred over the access stratum SAP (Service Access Point) 
in the Core Network or in the User Equipment. 

Active mode: "Active mode" is the state of a User Equipment when processing a call. 

Active Set: Set of radio links simultaneously involved in a specific communication service between an User Equipment 
and a UTRAN access point. 

Adaptive terminal: An "adaptive terminal" is terminal equipment with the capability of adapting to more than one type 
or variation of network. 

Average Transmitter Power Per Traffic Channel (dBm): the mean of the total transmitted power over an entire 
transmission period. 

Cable, Connector, and Combiner Losses (Transmitter) (dB): the combined losses of all transmission system 

components between the transmitter output and the antenna input (all losses in positive dB values). 

Cable, Connector, and Splitter Losses (Receiver) (dB): These are the combined losses of all transmission system 

components between the receiving antenna output and the receiver input (all losses in positive dB values). 

Cell: A cell is a geographical area that can be identified by a User Equipment from a (cell) identification that is 

broadcast from one UTRAN Access Point 

Coded Composite Transport Channel (CCTrCH): A data stream resulting from encoding and multiplexing of one or 
several transport channels. The data stream of the CCTrCH is fed to a data splitter unit that splits the CCTrCH's data 
stream onto one or several Physical Channel Data Streams. 

Commonality: "Commonality" is a measure of the degree to which two radio transmission technologies serving 
different test environments share the same attributes. These attributes include: access method, modulation scheme, 
duplexing method, equalization strategy, FEC, bit interleaving etc. 

Contiguous coverage: "Contiguous coverage" is a characteristic of a geographical zone in which UMTS service is 
uniformly provided and the service probability is above a certain threshold. 
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Control channel: A "control channel" is a logical channel that carries system control information. 
Controlling RNC: A role an RNC can take with respect to a specific set of UTRAN access points. There is only one 
Controlling RNC for any UTRAN access point . The Controlling RNC has the overall control of the logical resources 
of its UTRAN access point's. (Check with SMG2 ARC same as serving RNC?) 

Coverage area: The "coverage area" is the area over which a UMTS service is provided with the service probability 
above a certain threshold. 

Deployment scenario: The "deployment scenario" is a description of assumed user density and traffic to be served by a 
system in simulations. In the radio transmission technology selection process, the deployment scenario serves as a 
representation of the ultimate UMTS deployment. 

Downlink: A "downlink" is a unidirectional radio link for the transmission of signals from a UTRAN access point 
to a User Equipment. 

Drift RNS: The role an RNS can take with respect to a specific connection between a User Equipment and UTRAN. An 
RNS that supports the Serving RNS with radio resources when the connection between the UTRAN and the User 
Equipment need to use cell(s) controlled by this RNS is referred to as Drift RNS. 

Equivalent Telephony Erlang: "Equivalent Telephony Erlang" (ETE) is a comparative measure of traffic which no 
longer refers to a particular service type like voice or data. 

Evaluation criteria: "Evaluation criteria" are a set of capabilities and characteristics of radio transmission technology 
which may be supported or exhibited by a candidate technology. These criteria form the comparative basis of the radio 
transmission technology selection process. 

Explicit Diversity Gain (dB): This is the effective gain achieved using diversity techniques. 

Hand-off Gain/Loss (dB): This is the gain/loss factor (+ or -) brought by hand-off to maintain specified reliability at 

the boundary. (Editors note: Boundry of what ?) 

Handover: Handover is a family of procedures that adds or removes one or several radio links between one User 
Equipment and UTRAN when a RRC connection exists and the position of the User Equipment is known on cell level in 
the UTRAN 

Hard Handover: Hard handover is a category of handover procedures where all the old radio links in the UE are 
abandoned before the new radio links are established. 

Hot Spot Capacity: Number of users who may be instantaneously supported per isolated cell (or satellite spot beam) 

per unit spectrum. This must be specified at a stated spectrum allocation, quality and grade of service. 

Idle mode: "Idle mode" is the state of a User Equipment switched on but not actively processing a call. 

Information Capacity: (Mbits/cell (or Mbits/satellite spot beam)) this is the total number of user-channel information 

bits that can be supported by a single cell (or spot beam) which is part of an infinite set of cells (or large number of spot 

beams) in a uniform two-dimensional (or three dimensional) pattern. The information capacity must be specified at a 

stated spectrum allocation, quality and grade of service, assuming an appropriate propagation model. This metric is 

valuable for comparing systems with identical user channel requirements. 

Information Rate (10Log(Rb)) (dBHz): Information rate is the channel bit rate in (dBHz). 

Inter-cell handover: An "inter-cell handover" is a handover between different cells. An inter-cell handover requires 

network connections to be altered. (Editors note: Is this terms used ??) 

Intra-cell handover: An "intra-cell handover" is a handover within one sector or between different sectors of the same 
cell. An intra-cell handover does not require network connections to be altered. . (Editors note: Is this terms used ??) 
Island coverage: "Island coverage" is a characteristic of a geographical zone in which UMTS service is provided in a 
number of separate isolated areas ("islands"). 

Iu: Interconnection point between an RNS and a Core Network. It is also considered as a reference point. 
Iub: Interface between an RNC and a Node B. 

Iur: A logical interface between two RNS. Whilst logically representing a point to point link between RNSs, the 
physical realisation may not be a point to point link. (Editors note: are Iu and Iub also logical interfaces) 
Logical Channel: A logical channel is an information stream dedicated to the transfer of a specific type of information 
over the radio interface. 

Logical Model: A Logical Model defines an abstract view of a network or network element by means of information 
objects representing network element, aggregations of network elements, the topological relationship between the 
elements, endpoints of connections (termination points), and transport entities (such as connections) that transport 
information between two or more termination points. 

The information objects defined in the Logical Model are used, among others, by connection management functions. In 
this way a physical implementation independent management is achieved. 

Macro cells: "Macro cells" are outdoor cells with a large cell radius, typically a few tens of km. However, the range can 
be extended by the use of directional antennas or repeaters. 

Macro diversity: "Macro diversity" is a operation state in which a User Equipment simultaneously has radio links with 
two or more UTRAN access points for the sole aim of improving quality of the radio connection or providing seamless 
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handover. 

Maximum Path Loss (dB): This is the maximum loss that permits minimum SRTT performance at the cell boundary. 
Maximum Range (km): Maximum range, R ma x> is given by the range associated with the maximum path loss. 
Maximum Total Transmitter Power (dBm): the aggregate maximum transmit power of all channels. 
Maximum Transmitter Power Per Traffic Channel (dBm): the maximum power at the transmitter output for a single 
traffic channel. 

Mega cells / satellite cells: "Mega or satellite cells" are outdoor cells served by a satellite. The individual sectors of a 
satellite cell may have radii of 500 to 1 500 km. 

Micro cells: "Micro cells" are small outdoor cells with radii of up to 1 km. 

Mobile base station: A "mobile base station" is a base station which is not located at a given fixed site. Such a base 
station could be located within a bus, train or aircraft for example. A mobile base station has two kinds of radio 
connections: one to the fixed part of UMTS, the other to the Mobile Stations. 

Mobile evaluated handover: Mobile evaluated handover fMEHO) is a type of handover triggered bv an evaluation 
made in the mobile. The mobile evaluates the necessity of handover based on the measured radio environment and 
based on criteria defined bv the network. When the evaluation meets the hand-off criteria the necessary information is 
sent from the mobile to the network. The network then decides on the necessity of the handover based on the reported 
evaluation result and other conditions, eg. uplink radio environment and/or availability of network resources, the 
network may then execute the handover. 

Mobile Station: A "Mobile Station" (MS) is an entity capable of accessing a set of UMTS services via one or more 
radio interfaces. This entity may be stationary or in motion within the UMTS service area while accessing the UMTS 
services, and may simultaneously serve one or more users. A user of a Mobile Station may also have several 
simultaneous connections with the network. (Editors Note: This is not clear.) 

Mobile Termination: The "Mobile Termination" (MT) is the part of the Mobile Station which terminates the radio path 
at the mobile side and adapts the capabilities of the radio path to the capabilities of the terminal equipment. (Editors 
note: Is this terms used ??) 

MS-UTRAN connection: A relation between the mobile station and the UTRAN that is used to set-up, maintain and 
release the various physical channels. (Editors note: Is this terms used ??) 

Network evaluated handover: Network evaluated handover (NEHO^ is a type of handover triggered b v an evaluation 
made in the network. There are three cases. The first case is that the mobile measures and reports the measurement to 
the network upon request from the network either periodically or on demand, and the network then evaluates the 
necessity of handover. The second case is that the network measures and evaluates the necessity of handover. In the 
third case measurements are made in both the mobile arid in the network. In all cases, the network decides the necessity 
of handover based on the measurements and other conditions, eg availability of network resources. The network always 
executes any handover. 

Node B: A logical node responsible for radio transmission / reception in one or more cells to/from the User Equipment. 
Terminates the Iub interface towards the RNC. 

Paging area: A "paging area" is the geographical region in which a User Equipment will be paged as a part of incoming 
call establishment. A paging area may comprise one or more cells or sectors. 

Paging: Paging is the act of seeking a User Equipment (Editors note: this needs further clarification) 

Physical channel data stream: In the uplink, a data stream that is transmitted on one physical channel. In the 

downlink, a data stream that is transmitted on one physical channel in each cell of the active set 

Physical Channel: In FDD mode, a physical channel is defined by code, frequency and, in the uplink, relative phase 

(I/Q). In TDD mode, a physical channel is defined by code, frequency, and time-slot. 

Pico cells: "Pico cells" are cells, mainly indoor cells, with a radius typically less than 50 metres. 

Preselection criteria: "Preselection criteria" are a set of capabilities and characteristics of a radio transmission 

technology, indispensable for UMTS. For a candidate technology, failure to meet the preselection criteria will result in 

elimination from the radio transmission technology selection process. 

Radio access bearer: The service that the access stratum provides to the non-access stratum for transfer of user data 
between User Equipment and CN. 

Radio Access Network Application Part: Radio Network Signalling over the lu. 

Radio connection: A "radio connection" is a logical association between one or more User Equipments and one or 
more UTRAN access points to establish point-to-point, point-to-multipoint, broadcasting communications or even 
macro diversity. A radio connection comprises one or more radio links. 

Radio frame: A radio frame is a numbered time interval of 10 ms duration used for data transmission on the radio 
physical channel. A radio frame is divided into 16 time slots of 0.625 ms duration. The unit of data that is mapped to a 
radio frame (10 ms time interval) may also be referred to as radio frame. 

[Editor 's note: This definition shall reflect present usage of this term in both the LI and L23 expert groups. It needs to 
be checked and approved by both groups. J 
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Radio interface: The "radio interface" is the tetherless interface between a User Equipment and a UTRAN access point. 
This term encompasses all the functionality required to maintain such interfaces. 

Radio link: A "radio link" is a logical association between a single User Equipment and a single UTRAN access point. 
Its physical realization comprises one or more radio bearer transmissions. (Editor's note: Is this not the same as a radio 
connection ? What is a radio bearer transmissions ?) 

Radio link addition The procedure where a new radio link is added to the active set. 
Radio link removal: The procedure where a radio link is removed from the active set. 

Radio Network Controller: This equipment in the RNS is in charge of controlling the use and the integrity of the radio 
resources. (SMG2 ARC) 

Radio Network Subsystem Application Part: Radio Network Signalling over the Iur. (SMG2 ARC) 

Radio Network Subsystem: Either a full network or only the access part of a UMTS network offering the allocation 

and the release of specific radio resources to establish means of connection in between an UE and the UTRAN. 

A Radio Network Subsystem is responsible for the resources and transmission/reception in a set of cells. (SMG2 ARC) 

Radio Network Temporary Identifier (RNTI): A Radio Network Temporary Identifier is an identifier for a UE when 

an RRC connection exists. It is e.g. used by the MAC protocol on common Transport Channels (RACH, FACH, PCH). 

Radio operating environment: A "radio operating environment" is a classification for the UMTS operating regime, 

referring to differing radio related characteristics which affect the design of the radio interface necessary to provide 

service in that environment. 

Radio resource unit: A "radio resource unit" is a single controllable resource employable for unidirectional 
information transfer over the radio interface. Typical examples for radio bearers are a time and frequency slot in a 
TDMA transmission scheme with frequency hopping, or the portion of radio resources characterized by a code sequence 
in a CDMA transmission scheme. 

Receiver Antenna Gain (dBi): the maximum gain of the receiver antenna in the horizontal plane (specified as dB 
relative to an isotropic radiator). 

Receiver Interference Density ( Io (dBm/Hz)): Receiver interference density is the interference power per Hertz at the 
receiver front end. This is the in-band interference power divided by the system bandwidth. The in-band interference 
power consists of both co-channel interference as well as adjacent channel interference. 

Receiver Noise Figure (dB): Receiver noise figure is the noise figure of the receiving system referenced to the receiver 
input. 

Receiver Sensitivity (dBm): This is the signal level needed at the receiver input that just satisfies the required 
Eb/(No+Io). 

Relay: Terminal devices capable of ODMA relay communications. 

Relay/Seed Gateway: Relay or Seed that communicates with the UTRAN, in either TDD or FDD mode. 
Relaylink: Relaylink is a communications link between two ODMA relay nodes. 

Repeater: A "repeater" is a radio transceiver used to extend the transmission of a base station beyond its normal range. 
Required Eb/(No+Io) (dB): The ratio between the received energy per information bit to the total effective noise and 
interference power density needed to satisfy the quality objectives specified in UMTS 30.03 Table 1.0 under condition 
of section 1.2.2 channel model. 

Root Relay: ODMA relay node where communications originate or terminate. 

RRC Connection: A point-to-point bi-directional connection between RRC peer entities on the UE and the UTRAN 
sides, respectively. An UE has either zero or one RRC connection. 

Seamless handover: "Seamless handover" is a handover without perceptible interruption of the radio connection 
Sector: A "sector" is a sub-area of a cell. All sectors within one cell are served by the same base station. A radio link 
within a sector can be identified by a single logical identification belonging to that sector. 
Seed: Deployed ODMA relay node with or without a display/keypad. 

Serving RNS: A role an RNS can take with respect to a specific connection between an UE and UTRAN. There is one 
Serving RNS for each UE that has a connection to UTRAN. The Serving RNS is in charge of the radio connection 
between a UE and the UTRAN. The Serving RNS terminates the Iu for this UE. (SMG2 ARC) 

Set of Radio Transmission Technologies: A complete combination of radio transmission technologies that encompass 
the transmission dependent functions of a radio system, which has potential capabilities to meet UMTS minimum 
requirements in one or more test environments. 

Signalling connection: An acknowledged-mode link between the user equipment and the core network to transfer 
higher layer information between the entities in the non-access stratum. 

Signalling link: Provides an acknowledged-mode link layer to transfer the MS-UTRAN signalling messages as well as 
MS - Core Network signalling messages (using the signalling connection). 

Soft Handover: Soft handover is a category of handover procedures where the radio links are added and abandoned in 
such manner that the UE always keeps at least one radio link to the UTRAN. 

Spectrum efficiency: "Spectrum efficiency" is a comparative measure characterizing the extent to which a radio 
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interface is able to support a given number of users of a given UMTS service. Spectrum efficiency can be measured in 
ETE per cell per MHz or ETE per square kilometre per MHz. 

Spot coverage: "Spot coverage" is a characteristic of a geographical zone in which UMTS service is provided only in 
small, isolated areas, perhaps individual cells. 

Test environment: A "test environment" is the combination of a test propagation environment and a deployment 
scenario which together describe the parameters necessary to perform a detailed analysis of a radio transmission 
technology. A test environment allows direct comparison of various radio transmission technologies. 
Test propagation environment: The "test propagation environment" is a description of the radio channel which will be 
used in simulations of the operation of radio transmission technologies during the radio transmission technology 
selection process. The test propagation environment is supposed to represent propagation conditions of the ultimate 
UMTS deployment. 

Thermal Noise Density, No (dBm/Hz): the noise power per Hertz at the receiver input. 

Total Effective Noise Plus Interference Density (dBm/Hz): the logarithmic sum of the receiver noise density and the 
receiver noise figure and the arithmetic sum with the receiver interference density, i.e. j = 10 Log (10 ((g+h)/10) + 1 ) 
Traffic Capacity: (Erlangs/cell (or Erlangs/satellite spot beam)) this is the total traffic that can be supported by a single 
cell (or spot beam), which is part of an infinite set of cells (or large number of satellite spot beams) in a uniform two- 
dimensional (or three dimensional) pattern. The traffic capacity must be specified at a stated spectrum allocation, quality 
and grade of service, assuming an appropriate propagation model. This metric is valuable for comparing systems with 
identical user channel requirements. 

Traffic channel: A "traffic channel" is a logical channel which carries users information like speech or data. 

Transmission Time Interval: Transmission Time Interval is defined as the inter-arrival time of Transport Block Sets, 
i.e. the time it should take to transmit a Transport Block Set. It is always a multiple of 10ms (the length of one Radio 
Frame). 

Transmitter Antenna Gain (dBi): the maximum gain of the transmitter antenna in the horizontal plane (specified as dB 
relative to an isotropic radiator). 

Transmitter e.i.r.p. (dBm): the summation of the total transmitter power (dBm), transmission system losses (-dB), and 
the transmitter antenna gain (dBi). 

Transmitter e.i.r.p. Per Traffic Channel (dBm): the summation of transmitter power output per traffic channel 
(dBm), transmission system losses (-dB), and the transmitter antenna gain (dBi), in the direction of maximum radiation. 
Transport Block : Transport Block is defined as the basic unit passed down to LI from MAC, for LI processing. An 
equivalent term for Transport Block is "MAC PDU". 

Transport Block Set : Transport Block Set is defined as a set of Transport Blocks which is passed to LI from MAC at 
the same time instance using the same transport channel. An equivalent term for Transport Block Set is "MAC PDU 
Set". 

Transport Block Set Size: Transport Block Set Size is defined as the number of bits in a Transport Block Set 
Transport Block Size : Transport Block Size is defined as the size (number of bits) of a Transport Block 
Transport channel: The channels offered by the physical layer to Layer 2 for data transport between peer LI entities 
are denoted as Transport Channels. Different types of transport channels are defined by how and with which 
characteristics data is transferred on the physical layer, e.g. whether using dedicated or common physical channels are 
employed. 

Transport Format: A Transport Format is defined as a format offered by LI to MAC for the delivery of a Transport 
Block Set during a Transmission Time Interval on a Transport Channel. The Transport Format constitutes of two parts - 
one dynamic part and one semi-static part. 

Transport Format Combination: A Transport Format Combination is defined as the combination of currently valid 
Transport Formats on all Transport Channels of an MS, i.e. containing one Transport Format from each Transport 
Channel. 

Transport Format Combination Set : A Transport Format Combination Set is defined as a set of Transport Format 
Combinations to be used by an MS. 

Transport Format Combination Indicator (TFCI) : A Transport Format Combination Indicator is a representation of 
the current Transport Format Combination. 

Transport Format Identification (TFI): A label for a specific Transport Format within a Transport Format Set. 
Transport Format Set: A set of Transport Formats. For example, a variable rate DCH has a Transport Format Set 
(one Transport Format for each rate), whereas a fixed rate DCH has a single Transport Format. 

UMTS Terrestrial Radio Access Network: UTRAN is a conceptual term identifying that part of the network which 
consists of RNCs and Node Bs between Iu an Uu. The concept of UTRAN instanciation is currently undefined. (SMG2 
ARC) 

Uplink: An "uplink" is a unidirectional radio link for the transmission of signals from a Mobile Station to a base station, 
from a Mobile Station to a mobile base station or from a mobile base station to a base station. 
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URA updating: URA updating is a family of procedures that updates the UTRAN registration area of a UE when a 
RRC connection exists and the position of the UE is known on URA level in the UTRAN. 
User Equipment: A Mobile Station with one or several UMTS Subscriber Identity Module(s). 

UTRAN Registration Area (URA): The UTRAN Registration Area is an area covered by a number of cells. The URA 
is only internally known in the UTRAN. 

UTRAN access point: A conceptual point within the UTRAN performing radio transmission and reception. A UTRAN 
access point is associated with one specific cell, i.e. there exists one UTRAN access point for each cell. It is the 
UTRAN-side end point of a radio link. 



4 Abbreviations 



ACP 


Adjacent Channel Protection 


ARQ 


Automatic Repeat Request 


ACCH 


Associated Control Channel 


AWGN 


Added White Gaussian Noise 


BCCH 


Broadcast Control Channel 


BCH 


Broadcast Channel 


BER 


Bit Error Rate 


BLER 


Block Error Rate 


BPSK 


Binary Phase Shift Keying 


BS 


Base Station 


BSC 


Base Station Controller 


BSS 


Base Station System 


BTS 


Base Transceiver Station 


C- 


Control- 


CA 


Capacity Allocation 


CAA 


Capacity Allocation Acknowledgement 


CBR 


Constant Bit Rate 


CC 


Call Control 


CCCH 


Common Control Channel 


CCH 


Control Channel 


CCPCH 


Common Control Physical Channel 


CCTrCH 


Coded Composite Transport Channel 


CD 


Capacity Deallocation 


CDA 


Capacity Deallocation Acknowledgement 


CDMA 


Code Division Multiple Access 


CN 


Core Network 


CP 


Chip Period 


CRC 


Cyclic Redundancy Check 


CTDMA 


Code Time Division Multiple Access 


DC 


Dedicated Control (SAP) 


DCA 


Dynamic Channel Allocation 


DCCH 


Dedicated Control Channel 


DCH 


Dedicated Channel 


DHO 


Diversity Handover 


DL 


Downlink 


DPCCH 


Dedicated Physical Control Channel 


DPCH 


Dedicated Physical Channel 


DPDCH 


Dedicated Physical Data Channel 


DRNC 


Drift Radio Network Controller 


DRNS 


Drift RNS 


DRX 


Discontinuous Reception 


DS-CDMA 


Direct-Sequence Code Division Multiple Access 


DSCH 


Downlink Shared Channel 


DTCH 


Dedicated Traffic Channel 


DTX 


Discontinuous Transmission 


EIRP 


Equivalent Isotropic Radiated Power 
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FACH 


Forward Access Channel 


FAUSCH 


Fast Uplink Signalling Channel 


FCS 


Frame Check Sequence 


FDD 


Frequency Division Duplex 


FDMA 


Frequency Division Multiple Access 


FEC 


Forward Error Correction 


FER 


Frame Erasure Rate 


GC 


General Control (SAP) 


GMSK 


Gaussian Minimum Shift Keying 


GP 


Guard Period 


GSM 


Global System for Mobile communications 


HCS 


Hierarchical Cell Structure 


HO 


Handover 


HHO 


Hard Handover 


HO 


Handover 


ITU 


International Telecommunication Union 


JD 


Joint Detection 


kbps 


kilo-bits per second 


ksps 


kilo-symbols per second 


LI 


Layer 1 (physical layer) 


L2 


Layer 2 (data link layer) 


L3 


Layer 3 (network layer) 


LAC 


Link Access Control 


LCD 


Low Constrained Delay ?? 


MA 


Multiple Access 


MAC 


Medium Access Control 


MAHO 


Mobile Assisted Handover 


Mcps 


Mega-chips per second 


ME 


Mobile Equipment 


MEHO 


Mobile evaluated handover 


MUI 


Mobile User Identifier 


MM 


Mobility Management 


MO 


Mobile Originated 


MOHO 


Mobile Originated Handover 


MS 


Mobile Station 


MSID 


Mobile Station IDentifier 


MSC 


Mobile Services Switching Center 


MT 


Mobile Terminated 


NEHO 


Network evaluated handover 


NRT 


Non-Real Time 


Nt 


Notification (SAP) 


OCCCH 


ODMA Common Control Channel 


ODCCH 


ODMA Dedicated Control Channel 


ODCH 


ODMA Dedicated Channel 


ODMA 


Opportunity Dnven Multiple Access 


ORACH 


ODMA Random Access Channel 


ODTCH 


ODMA Dedicated Traffic Channel 


OVSF 


Orthogonal Variable Spreading Factor 


QoS 


Quality of Service 


QPSK 


Quadrature Phase Shift Keying 


PC 


Power Control 


PCCH 


Pagmg Control Channel 


PCH 


Paging Channel 


PDU 


Protocol Data Unit 


PG 


Processing Gain 


PHY 


Physical layer 


PhyCH 


Physical Channel 


PI 


Paging Indicator 


PID 


Packet Identification 


PN 


Pseudo Noise 
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PPM 


Parts Per Million 


PRACH 


Physical Random Access Channel 


PUF 


Power Up Function 


RACH 


Random Access Channel 


RANAP 


Radio Access Network Application Part 


RF 


Radio Frequency 


RLC 


Radio Link Control 


RLCP 


Radio Link Control Protocol 


RNC 


Radio Network Controller 


RNS 


Radio Network Subsystem RNSAP Radio Network Subsystem Application Part 


RNTI 


Radio Network Temporary Identity 


RRC 


Radio Resource Control 


RRM 


Radio Resource Management 


RSSI 


Received Signal Strength Indicator 


RT 


Real Time 


RU 


Resource Unit 


RX 


Receive 


SAP 


Service Access Point 


SACCH 


Slow Associated Control Channel 


SCCH 


Synchronization Control Channel 


SCH 


Synchronization Channel 


SDCCH 


Stand-Alone Dedicated Control Channel 


SDU 


Service Data Unit 


SF 


Spreading Factor 


SFN 


System Frame Number 


SIR 


Signal-to-Interference Ratio 


SP 


Switching Point 


SRNC 


Serving Radio Network Controller 


SRNS 


Serving RNS 


TCH 


Traffic Channel 


TDD 


Time Division Duplex 


TFCI 


Transport Format Combination Indicator 


TFI 


Transport Format Indicator 


TN 


Termination Node 


TPC 


Transmit Power Control 


TRX 


Transmitter/Receiver 


TX 


Transmit 


U- 


User- 


UARFCN 


UTRA Absolute Radio Frequency Channel Number 


UDD 


Unconstrained Delay Data 


UE 


User Equipment 


UL 


Uplink 


UMTS 


Universal Mobile Telecommunications System 


URA 


User Registration Area 


USIM 


UMTS Subscriber Identity Module 


UTRA 


UMTS Terrestrial Radio Access 


UTRAN 


UMTS Terrestrial Radio Access Network 


VA 


Voice Activity Factor 


VBR 


Variable Bit Rate 
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ETSI SMG Tdoc SMG 905/97 

Meeting no 24 

Madrid, Spain 

15 - 19 December 1997 



Source: SMG2 



Concept Group Alpha - 
Wideband Direct-Sequence CDMA (WCDMA) 

EVALUATION DOCUMENT (3.0) 
Part 3: 

Detailed simulation results and parameters 

In the procedure to define the UMTS Terrestrial Radio Access (UTRA), the wideband DS-CDMA concept 
group (Alpha) will develop and evaluate a multiple access concept based on direct sequence code division. 
This group was formed around the DS-CDMA proposals from FRAMES Mode 2, Fujitsu, NEC and 
Panasonic. The main radio transmission technology (RTT) and parameters of the common concept from the 
Alpha group along with performance results are presented in this document 



This document was prepared during the evaluation work of SMG2 as a possible basis for the UTRA 
~ standard.lt is prbvfded-to-SMG onmeuhderstandmgmat-me fy ~- 
been reviewed by, or agreed by, SMG2. 
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1. INTRODUCTION 

This is the Part 3 of the Alpha (Wideband DS-CDMA) concept group evaluation document and 
presents detailed parameters and simulation result curves of the W-CDMA concept. This is a separate 
file for purely editorial reasons. This document contains two sections: link-level simulations and 
system-level simulations for the FDD mode. 

In the sections with link-level simulations both detailed parameters used in each simulation and also 
curves with simulation results are presented. In system-level sections the detailed simulation parameters 
are presented. Also, some additional figures related to the sytem simulations are shown here. 

2. LINK-LEVEL SIMULATIONS 

In this section link-level simulation parameters for the different test cases are listed for the FDD mode, 
together with plots with simulation results. Note that the first row of each column in the parameter 
tables lists the number of the figure where the simulation result can be found. 
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2.1 Speech 

Some improvements have been done to get better results than the previously presented values in 
Evaluation Document Draft 1.0. These improvements are due to: 

• For 20 ms interleaving, both the coding and interleaving is now performed over 20 ms which 
implies less overhead for CRC and convolutional coding tail. 

• Blind rate detection can be easily implemented since only two information bit-rates (0 and 8 kbps) 
are used and therefore the FCH bits can be used as pilot symbols. 

• For the Vehicular environment, a smaller power control step is used (now 0.25 dB, before 0.5 dB). 



2.1.1 Indoor Office A, 3 km/h 



Fionre number 


1 


1 


1 


2 


2 


2 


Pint qvmhnl 

A 1UI 3 T HI If Ul 


* 


o 


+ 


* 


o 


+ 


Service 


Speech 


Speech 


Speech 


Speech 


Speech 


Speech 


Link-level bit rate 


8 kbps 


8 kbps 


8 kbps 


8 kbps 


8 kbps 


8 kbps 


Channel type 


Indoor A 


Indoor A 


Indoor A 


Indoor A 


Indoor A 


Indoor A 


Mobile speed 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


Antenna diversity 


Yes 


Yes 


Yes 


No 


No 


No 


Chip rate [Mcps] 


4.096 


4.096 


4.096 


4.096 


4.096 


4.096 


DFDCH 














Code allocation 


1 x SF 128 


1 x SF 128 


1 x SF 128 


1 x SF 128 


1 x SF 128 


1 x SF 128 


Info / CRC / tail bits per frame 


80/8/8 


80/8/8 


80/4/4 


80/8/8 


80/8/8 


80/4/4 


Convolutional code rate 


1/3 


1/3 


1/3 


1/3 


1/3 


1/3 


Rate matching 


9/10 


9/10 


33/40 


9/10 


9/10 


33/40 


Interleaver 


10 ms 


20 ms 


20 ms 


10ms 


10 ms 


20 ms 


DPCCH 














Code allocation _ . . 


- 1 x SF256_ : 


_l_x SF 256 - 


J : xSF256_ 


■ J_x SF256_ 


■ : _J x-SF 256 : _ 


_;:.k x . §F 256 


PC frequency [Hz] 


800 


300 


800 


800 


800 


800 


PC step [dB] 


1 


1 


1 


1 


1 


1 


Slots per frame 


8 


8 


8 


8 


8 


8 


Pilot / PC / FCH bits per slot 


12/4/4 


12/4/4 


16/4/ 0 


12/4/4 


16/4/0 


16/4/0 


Valid FCH words 


2 


2 




2 






DPCCH - DFDCH power [dB] 


-3 


-3 


-3 


-3 


-3 


-3 



Table 1. Parameters for speech Indoor A simulations. 
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Title : speech_ul_indoor_20ms . eps 
Creator: MATLAB, The Mathworks, In 
CreationDate: 11/07/97 16:58:19 



Figure I. Speech Indoor office A, with antenna diversity. 



Title : speech_Indoor_A_DL . eps 
Creator: MATLAB, The Mathworks, In 
CreationDate: 11/10/97 08:39:53 



Figure 2, Speech, Indoor office A, without antenna diversity. 
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2.13. Outdoor to Indoor and Pedestrian A, 3 km/h 



Figure number 


i 
j 


3 


3 


4 


4 


A 
*f 


Plot symbol 


m 


u 


+ 


* 


r\ 
\J 


^- 


Service 


Speech 


Speech 


Speech 


Speech 


Speech 


Speech 


Link-level bit rate 




o JtDpS 


5 KOpS 


o KDpS 


a ft up 5 


8 kbps 


l*Hiiiiiici type 


Out tn Tn A 

Will. LU ill. ii. 


Oi it tn Tn A 

UUl. LU 111. t\ 


Out tn Tn A 
UUL LU 111. r\ 


Out tn Tn A 


Out tn Tn A 


Out to In A 


ivxooue s p ecu 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


AUUSQIla 11IV dally 


Yes 


Yes 


Yes 


No 


No 


No 


V^Uip rale llTiipaj 


4.096 


4.096 


4.096 


4.096 


4.096 


4.096 


nPTim 














V*UUC lUillCStUllIl 


1 * T?x 
i x or lxo 


i x or ixo 


i x or ixo 


l x or ixo 


1 x 1 78 
i * or ixo 


1 x <5F 128 


Tnfn / PRC / tail hits ner frame 


80/8/8 


80/8/8 


80/4/4 


80/8/8 


80/8/8 


80/4/4 


f^nnvnln'Hnnn 1 pniip raf p 

VUUTUlUUttlUll kUUc IttkG 


1/3 


1/3 


1/3 


1/3 


1/3 


1/3 


Hflte fwii to. hi n g 




o / in 

y i iv 


33 / 40 


9/10 


9/10 


33 / 40 


Interleaver 


10 ms 


20 ms 


20 ms 


1 0. me 

iu ins 


IU II lo 


20 ms 


illruL.il 














Code allocation 


1 x SF 256 


I x SF 256 


1 x SF 256 


1 x SF 256 


1 x SF 256 


1 x SF 256 


FC frequency [Hz] 


800 


300 


800 


800 


800 


800 


PC step [dB] 


1 


1 


1 


1 


1 


1 


Slots per frame 


8 


8 


8 


8 


8 


8 


Pilot / PC / FCH bits per slot 


12/4/4 


12/4/4 


16/4/0 


12/4/4 


16/4/0 


16/4/0 


Valid FCH words 


2 


2 


0 


2 






DPCCH - DPDCH power [dB] 


-3 


-3 


-3 


-3 


-3 


-3 



Table 2. Parameters for speech Outdoor to Indoor A simulations. 
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Title : /home/eraolhe/speech_ul_outdoor_20ms . e 
Creator: MAT LAB , The Mathworks, Inc. 
CreationDate: 11/10/97 08:36:29 











Figure 3. Speech, Outdoor to indoor and pedestrian A, 



with antenna diversity. 



Title : plot_speech_0utcioortolndoor_ 
Creator: MAT LAB, The Mathworks, Inc 
C r e a't x onDate : TT7 0 77 9 1 T6T0r5T5r 



Figure 4. 



Speech, Outdoor to indoor and pedestrian A, 
without antenna diversity. 
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Figure number 


5 


5 


5 


Plot symbol 


* 


O 


+ 


Service 


Speech 


Speech 


Speech 


Link-level bit rate 


8 kbps 


8 kbps 


8 kbps 


Channel type 


Vehicular A 


Vehicular A 


Vehicular A 


Mobile speed 


120 km/h 


120 km/h 


120 km/h 


Antenna diversity 


Yes 


Yes 


Yes 


Chip rate [Mcps] 


4.096 


4.096 


4.096 


DPDCH 








Code allocation 


1 x SF 128 


1 x SF 128 


1 x SF 128 


Info / CRC / tail bits per frame 


80/8/8 


80/8/8 


80/4/4 


Convolutional code rate 


1/3 


1/3 


1/3 


Rate matching 


9/10 


9/10 


33/40 


Interieaver 


10 ms 


20 ms 


20 ms 


DPCCH 








Code allocation 


1 xSF256 


1 x SF 256 


1 x SF 256 


PC frequency [Hz] 


1600 


1600 


1600 


PC step [dB] 


0.5 


0.5 


0.25 


Slots per frame 


16 


16 


16 


Pilot / PC / FCH bits per slot 


6/2/2 


6/2/2 


8/2/0 


Valid FCH words 


2 


2 


0 


DPCCH - DPDCH power [dB] 


-3 


-3 


-3 



Table 3. Parameters for speech Vehicular A 120 km/h with antenna diversity simulations. 



Title : speech_ul_vehicular_2 0ms . ep 
~'C r eato r : : — MAT LAB-, — The— Ma th wo r k s-— I"TJ 
CreationDate: 11/07/97 16:58:44 



Figure 5. Speech, Vehicular A 120km/h, with antenna 
diversity. 
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Figure number 


6 


6 


6 


6 


Plot symbol 


* 


O 


+ 


□ 


Service 


Speech 


Speech 


Speech 


Speech 


Link-level bit rate 


8 kbps 


8 kbps 


8 kbps 


8 kbps 


Channel type 


Vehicular A 


Vehicular A 


Vehicular A 


Vehicular A 


Mobile speed 


120km/h 


120km/h 


120km/h 


120 km/h 


Antenna diversity 


No 


No 


No 


No 


Chip rate [Mcps] 


4.096 


4.096 


4.096 


4.096 


DPDCH 










Code allocation 


1 x SF 128 


1 x SF 128 


I x SF 128 


1 x SF 128 


Info / CRC / tail bits per frame 


80/8/8 


80/8/8 


80/4/4 


80/4/4 


Convolutional code rate 


1/3 


1/3 


1/3 


1/3 


Rate matching 


9/10 


9/10 


33/40 


33/40 


Interleaver 


10 ms 


10 ms 


20 ms 


20 ms 


DPCCH 










Code allocation 


1 x SF 256 


1 x SF 256 


1 x SF 256 


1 x SF 256 


PC frequency [Hz] 


1600 


1600 


1600 


1600 


PC step [dB] 


0.25 


0.5 


0.25 


0.25 


Slots per frame 


16 


16 


16 


i a 
10 


Pilot / PC / FCH bhs per slot 


7/1/2 


8/2/0 


7/1/2 


8/2/0 


Valid FCH words 


2 




2 




Dynamic range [dB] 


-10:+10 


-10:+10 


-10:+10 


-10:+10 


DPCCH - DPDCH power [dB] 


-3 


-3 


-3 


-3 



Table 4. Parameters for speech Vehicular A 120 km/h simulation without antenna diversity. 



Title: _ speech_Vehicular_A_120_DL . e; 
Creator": "MAT LAB", The Mattiworks, In 
CreationDate : 11/10/97 09:31:24 



Figure 6. Speech, Vehicular A 120 km/h, without antenna diversity. 



UMTS 30.06 version 3.0.0 
2.1.4 Vehicular B, 120 km/h 



124 



TR101 146 V3.0.0 (1997-12) 



figure auniHBf 


7 


g 


Plot symbol 


* 


* 


Service 


Speech 


Speech 


link-level bit rate 


8 kbps 


8 kbps 


Channel type 


Vehicular B 


Vehicular B 


1T1UUUC 3|ICCU 


120 km/h 


120 km/h 


Antenna diversity 


Yes 


No 


Chip rate [Mcps] 


4.096 


4.096 


DPDCH 






Code allocation 


1 x SF 128 


1 x SF 123 


Info / CRC / tail bits per frame 


80/4/4 


80/4/4 


Convolutional code rate 


1/3 


1/3 


Rate matching 


33/ 40 


33/ 40 


Tntprieaver 


20 ms 


20 ms 


DPCCH 






Code allocation 


lxSF256 


1 x SF 256 


PC frequency [Hz] 


1600 


1600 


PC step [dB] 


0.25 


0.25 


Slots per frame 


16 


16 


Pilot / PC / FCH bits per slot 


8/2/0 


8/2/0 


Valid FCH words 






DPCCH - DPDCH power [dB] 


-3 


-3 



Table 5. Parameters for speech Vehicular B 120 km/h simulations. 
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Title : speech_Vehicular_B_120_UL . e 
Creator: MAT LAB , The Mathworks, Ir 
CreationDate: 11/10/97 08 : 42: 14 



Figure 7. Speech Vehicular B 120 km/h, with antenna diversity. 



Title : speech_Vehicular_B_120_DL . ej 
Creator: MAT LAB, The Mathworks, Inc 
CreationDate: 11/10/97 08 : 42: 32 



Figure 8. Speech, Vehicular B 120 km/h without antenna 
diversity. 
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Figure number 


9 


9 


9 


10 


Plot symbol 


* 


O 


+ 


* 


Service 


Speech 


Speech 


Speech 


Speech 


Link-level bit rate 


8 kbps 


8 kbps 


8 kbps 


8 kbps 


Channel type 


Vehicular B 


Vehicular B 


Vehicular B 


Vehicular B 


Mobile speed 


250 km/h 


250 km/h 


250 km/h 


250 km/h 


Antenna diversity 


Yes 


Yes 


Yes 


No 


Chip rate [Mcps] 


4.096 


4.096 


4.096 


4.096 


DFDCH 










Code allocation 


1 x SF 128 


1 x SF 128 


1 x SF 128 


1 x SF 128 


Info / CRC / tail bits per frame 


80/8/8 


80/4/4 


80/4/4 


80/4/4 


Convolution^ code rate 


1/3 


1/3 


1/3 


1/3 


Rate matching 


9/10 


33/ 40 


33/ 40 


33/ 40 


Interleaver 


10 ms 


20 ms 


20 ms 


20 ms 


DPCCH 










Code allocation 


1 x SF 256 


1 x SF 256 


lxSF256 


1 x SF 256 


PC frequency [Hz] 


3200 


3200 


3200 


3200 


PC Step [dB] 


0.25 


0.25 


0.25 


0.25 


Slots per frame 


32 


32 


32 


32 


Pilot / PC / FCH bits per slot 


3/1/1 


3/1/1 


4/1/0 


4/1/0 


Valid FCH words 


2 


2 






DPCCH - DFDCH power [dB] 


-3 


-3 


-3 


-3 



Table 6. Parameters for speech Vehicular B 250 km/h simulations. 
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Title : speech_Vehicular_B_250_UL . ef 
Creator: MAT LAB, The Mathworks, Inc 
CreationDate: 11/10/97 11:51: 48 



Figure 9. Speech, Vehicular B 250 km/h, with antenna diversity. 



Title : speech_Vehicular_B_250_DL . ej 
Creator: MAT LAB, The Mathworks, Inc 
CreationDate: 11/10/97 08:41:48 



Figure 10. Speech, Vehicular £ 250 km/h, without antenna 
diversity. 
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2.2 LCD 



Figure number 


n 


11 


11 


12 


12 


Plot symbol 


0 


* 




* 


+ 


Service 


LCD 144 


LCD 384 


LCD 384 


LCD 


LCD 


Link-level bit rate 


144 kbps 


384 kbps 


384 kbps 


384 kbps 


2048 kbps 


Channel type 


Out to In. A 


Indoor A 


Vehicular A 


Indoor A 


Indoor A 


Mobile speed 


3 km/h 


3 km/h 


120 km/h 


3 km/h 


3 km/h 


Antenna diversity 


Yes 


Yes 


Yes 


Yes 


Yes 


Chip rate [Mcps] 


4.096 


4.096 


4.096 


4.096 


4.096 


DPDCH 












Code allocation 


1 x SF8 


1 x SF4 


lxSF4 


1 xSF4 


5xSF4 


Info / tail bits per frame 


1440/8 


3840 / 3 x 8 


3840 / 3 x 8 


3840/3 x 8 


1440/8 


Reed-Solomon code rate 


180/225 


192/240 


192/240 


192/240 


192/240 


Convolutional code rate 


1/3 


1/2 


1/2 


1/2 


1/2 


Hate matchiner 


339/320 


603/640 


603/640 


603/640 


201 / 200 


lllUCI UllCIlCaTCI 


T>8 x 480 




128 x 960 


156 x 480 

^*}\J "TOW 


300 x 256 


uuier m ici leaver [uyxeaj 


iiJ X IZ 


on v on 




on v qn 


240 x 160 


DPCCH 












Code allocation 


1 xSF256 


1 x SF 256 


1 x SF 256 


1 x SF 256 


1 xSF256 


PC frequency [Hz] 


800 


800 


1600 


800 


800 


PC step [dB] 


1 


1 


1 


1 


1 


Slots per frame 


8 


8 


16 


8 


8 


Pilot / PC / FCH bits per slot 


12/4/4 


12/4/4 


6/2/2 


12/4/4 


12/4/4 


Valid FCH words 


16 


16 


4 


16 


2 


DPCCH - DPDCH power [dB] 


-10§ 


-10 


-10 


-10 


-10 



Table 7. Parameters for LCD simulations. 



Due to the fact that the simulation time to achieve a BER of 10" 6 is so long, no results with RS coding 
are available at the moment for the LCD 2048 service. Using the results from the LCD 384 simulations, 
the performance can be estimated. Comparing with the results from the LCD 384 service in the Indoor 
office environment, a BER without RS coding of 6*10"* yields a BER with RS coding of 10* 6 . For the 
LCD 2048 service, a BER without RS coding of 6*10" 3 is reached at approximately 2 dB, and by 
adding 1 dB for overhead due to the RS coding the Eb/N 0 for a RS coded BER of 10" 6 is estimated to 
3dB. 
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Title : /home/eraolhe/eps/lcd_ul . ep. 
Creator: MAT LAB, The Mathworks, In- 
CreationDate: 11/11/97 09: 13:08 



Figure 11. LCD 144 and LCD 384, with antenna diversity. 



Title: /home/eraolhe/lcd2048_ul_indoor . 
Creator: MAT LAB , The Mathworks, Inc. 
CreationDate: 11/10/97 16:33:28 



Figure 12. LCD 2048, with antenna diversity. 
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2.3 HDD 

2.3.1 UDD 144 



Figure number 


1 1 


1 A 


Plot symbol 






Service 


UDD 144 


UDD 144 


Link-level bit rate 


240 kbps 


240 kbps 


Channel type 


Vehicular A 


Vehicular A 


Mobile speed 


120km/h 


120km/h 


Antenna diversity 


Yes 


No 


Chip rate [Mcps] 


4.096 


4.096 


DPDCH 






Code allocation 


1 xSF8 


1 x SF 8 


Blocks per frame 


8 


8 


Info / CRC -{-block nr/ tail bits per frame 


300/ 12/8 


300/ 12/8 


Convolution*! code rate 


1/2 


1/2 


Rate matching 


None 


None 


Interleaver 


20 ms 


20 ms 


DPCCH 






Code allocation 


1 x SF 256 


lxSF256 


PC frequency [Hz] 


1600 


1600 


PC step [dB] 


1 


1 


Slots per frame 


16 


16 


Pilot / PC / FCH bits per slot 


6/2/2 


6/2/2 


Valid FCH words 


8 


8 


DPCCH - DPDCH power [dB] 


-8 


-10 



Table 8. Parameters for UDD 144 Vehicular A 120 km/h simulations. 
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Title: UDD240_2.eps 

Creator: MAT LAB , The Mathworks, I 
Great ionDate : 09/12/97 14:49:56 



Figure 13. UDD 1 44, with antenna diversity. 



Title: UDD240_l.eps 

Creator: MAT LAB, The Mathworks, I 

CreationDate: 09/12/97 14:50:12 



Figure 14. UDD 144, without antenna diversity. 
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Figure number 


15 


16 


Plot symbol 


0 


# 


Service 


UDD384 


UDD384 


Link-level bit rate 


240 kbps 


240 kbps 


Channel type 


Out to la A 


Indoor A 


Mobile speed 


3km/h 


3 km/h 


Antenna diversity 


Yes 


No 


Chip rate [Mcps] 


4.096 


4.096 


DPDCH 






Code allocation 


1 xSF8 


1 xSF8 


Blocks per frame 


8 


8 


Info / CRC -i-block nr/ tail bits per frame 


300 / 12 / 8 


300 / 12 / 8 


Conventional code rate 


1/2 


1/2 


Rate matching 


None 


None 


Interleaver 


10 ms 


10 ms 


DPCCH 






Code allocation 


1 x SF 256 


lxSF256 


PC frequency [Hz] 


800 


800 


PC step [dB] 


0.5 


0.5 


Slots per frame 


8 


8 


Pilot / PC / FCH bits per slot 


14/2/4 


14/2/4 


Valid FCH words 


8 


8 


DPCCH - DPDCH power [dB] 


-10 


-10 



Table 9. Parameters for UDD 384 simulations. 
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Title : UDD_384_OutdoortoIndoor_UL. e 
Creator: MAT LAB, The Mathworks, Inc 
CreationDate: 11/11/97 09:57:46 



Figure 15. UDD 384, information bit rate 240 kbps, Outdoor 
to indoor and pedestrian A, with antenna diversity. 



Title : UDD_38 4_Indoor_DL . eps 
Creator: MAT LAB, The Mathworks, Inc 
CreationDate: 11/11/97 09:58:01 



Figure 16. 



UDD 384, information bit rate 240 kbps, Indoor 
office A, without antenna diversity. 
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2J3 UDD 2048 



Figure number 


17 


17 


18 


18 


19 


19 


Plot symbol 


* 


0 


* 


0 


* 


0 


Service 


UDD 2048 


UDD 2048 


UDD 2048 


UDD 2048 


UDD 2048 


UDD 2048 


Link-level bit rate 


480 kbps 


480 kbps 


480 kbps 


480 kbps 


2.4 Mbps 


2.4 Mbps 


Channel type 


Indoor A 


Out. to la A 


Indoor A 


Out tola A 


Indoor A 


Out to In. A 


Mobile speed 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


3 km/h 


Antenna diversity 


Yes 


Yes 


No 


No 


Yes 


Yes 


Chip rate [Mcps] 


4.096 


4.096 


4.096 


4.096 


4.096 


4.096 


DPDCH 














Code allocation 


1 x SF4 


1 x SF4 


1 x SF4 


1 xSF4 


5xSF4 


5 x SF4 


Blocks per frame 


16 


16 


16 


16 


80 


80 


Info / CRC +blocknr/ tail bits 


300 / 12 / 8 


300 / 12 / 8 


300/ 12/8 


300 / 12 / 8 


300 / 12 / 8 


300 / 12 / 8 


per frame 














Convolutions! code rate 


1/2 


1/2 


1/2 


1/2 


1/2 


1/2 


Rate matching 


None 


None 


None 


None 


None 


None 


Interleaver 


10 ms 


10 ms 


10 ms 


10 ms 


10 ms 


10 ms 


DPCCH 














Code allocation 


1 x SF 256 


1 xSF256 


1 xSF256 


1 x SF 256 


lxSF256 


1 x SF 256 


PC frequency [Hz] 


800 


800 


800 


800 


800 


800 


PC step [dB] 


1 


1 


1 


1 


1 


1 


Slots per frame 


8 


8 


8 


8 


8 


8 


Pilot / PC / FCH bits per slot 


12/4/4 


12/4/4 


12/4/4 


12/4/4 


12/4/4 


12/4/4 


Valid FCH words 


8 


8 


8 


8 


8 


8 


DPCCH - DPDCH power [dB] 


-10 


-10 


-10 


-10 


-12 


-12 



Table 10. Parameters for UDD 2048 simulations. 



Title: - -UDD384_2-. eps- - - - 

Creator: MAT LAB , The Mathworks, In 
CreationDate: 09/12/97 14: 49:40 



Figure 1 7. UDD 2048, information bit rate of 480 kbps, with 
antenna diversity. 
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Title: UDD384_l.eps 

Creator: MAT LAB, The Mathworks, Inc 
CreationDate : 0 9/12/97 14 : 50: 04 



Figure 18. UDD 2048, information bit rate of 480 kbps, without 
antenna diversity. 



Title: UDD2048_2.eps 

Creator: MATLAB, The Mathworks, I 

CreationDate: 09/12/97 14:49:49 



Figure 19. Link-level results for UDD 2048 with information bit rate 
of 2 A Mbps with antenna diversity. 
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3. SYSTEM-LEVEL SIMULATIONS 

This section describes the system simulation parameters used for the speech, LCD and UDD services, 
for the FDD mode. 

3.1 Speech 



Table 1L Parameters for FDD speech system simulations. 



Service 


Speech 


Speech 


Link-level bit rate 


8 kbps 


8 kbps 




Outdoor to indoor and 
pedestrian A 


Vehicular A 

T vUiv M Mil J -4* 


Mobile speed 


3 kra/h 


120km/h 


Antenna diversity (UL / DL) 


Yes /No 


Yes /No 


Downlink orthogonality factor 


0.06 


0.40 


Chip rate 


4.096 Mcps 


4.096 Mcps 


Processing gain 


27.1 dB 


27.1 dB 


Link-level assumptions 






ULE b /N 0 @BER=10" 3 


3.3 dB 


5.0 dB 




fi 7 H"R 

□ . / LLD 


I .U KID 


DPDCH code allocation 


1 x SF 128 


1 xSF 128 


DPCCH code allocation 


1 x SF 256 


1 x SF 256 


Interleaver 


20 ms 


zU ms 


Power settings 






TJL TCH max power 


14dBm 


24 dBm 


UL PC dynamic range 


80 dB 


80 dB 


DL TCH max power 


20 dBm 


30 dBm 


TIT, PI" 1 Hvnsmir ran (re 


20 dB 


20 dB 


DL broadcast channels 


26 dBm 


37 dBm 


power 






TJL noise power (F=> 5 dB) 


-102 dBm 


-102 dBm 


DL noise power (F= 5 dB) 


-102 dBm 


-102 dBm 


HO algorithm settings 






Soft HO window 


3 dB 


3 dB 


Softer HO window 


N/A 


3 dB 


AS update rate 


0.5 s 


0.5 s 


AS max size 


2 


2 
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3.2 LCD 



Table 12. Parameters for FDD LCD system simulations. 



Service 


LCD 384 


Link-level bit rate 


384 kbps 


Channel type 


Vehicular A 


Mooue speea 


120 km/h 


A _ 4 ....... j9HMBM»i4«T /TTT / TYf \ 

Antenna diversity (UL. i ULj 


I ca / iNu ^ i ca^ 


Downlink orthogonality factor 




Chip rate 


4.uyo ivicps 


Processing gain 


lUJ Ob 


Link-level assumptions 




*ti> m f%T virtu -« J\^S 

UL Eb/N 0 @ BER=10^ 


i.i Ob 


DL Eb/N Q @ BER=1(T 6 


5.6 dB (3.1 dB) 


DPDCH code allocation 


1 xSF4 


DPCCH code allocation 


1 x SF 256 


Interleaver 


120 ms 


Power settings 




UL TCH max power 


24 dBmor30 dBm 


UL PC dynamic range 


80 dB 


DL TCH max power 


30 dBm 


DL PC dynamic range 


20 dB 


DL broadcast channels 


- 20 dBm 


power 




UL noise power (F= 5 dB) 


-102 dBm 


TIT n #11 a a nmvpp fTT— 4 rlR^ 
UJU QUuv puwci J UDj 


-102 dBm 


HO algorithm settings 




Soft HO window 


3dB 


Softer HO window 


3 dB 


AS update rate 


0.5 s 


AS max size 


2 
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3.3 HDD 

Table 13. Parameters for FDD UDD system simulations. 



Service 


UDD 384 


UDD 2048 


Link-level bit rate 


240 kbps 


480-2880 kbps 
(1,2,3,4 & o codes) 


Channel type 


Outdoor to indoor and 
pedestrian A 


Indoor A 


Mobile speed 


3 km/h 


3km/h 


Antenna diversity (UL / DL) 


Yes /No 


Yes /No (Yes) 


Downlink orthogonality 


0.06 


0.10 


{""Villi ratp 


4 096 Mens 


4. ftQfi \/frn«! 




0 1 HR 
y.j iio 




Link-level assumptions 






TTLEiTN (al Ttt,F"R=1fl% 


U.-i UD 


ft 9 HIV 1 cnHe 


TIT F. /N (n\ TIT TTR=1 ft% 


J.Z do 


Z.O do ^U.Z OLD J. i COUC 


TiPTIfTfT pnrlp nllnmtinn 
l/ii/LIl lUUv aliUl«l UUU 


I x or o 


i ) z J j,*+ oc u a or *t 


UrtLn cone allocation 


I x SF 256 


1 x SF 256 


Interleaver 


1 A — - 

10 ms 


10 ms 


Power settings 






UL TCH max power 


14dBm 


4 dBm 


UL PC dynamic range 


80 dB 


80 dB 


DL TCH max power 


20 dBm 


10 dBm 


DL PC dynamic range 


20 dB 


20 dB 


DL broadcast channels 
power 


13 dBm 


-3 dBm 


TTT YiniQA nnui>f i h'=s ^ j^Tl\ 
ul iiuiac puwcr \JC ~ J (ID J 




-1ft9 rJRm 

"1 U^, LLDLL1 


DL noise power (F= 5 dB) 


-102 dBm 


-102 dBm 


HO algorithm settings 






Soft HO window 


N/A 


N/A 


Softer HO window 


N/A 


N/A 


AS update rate 


0.5 s 


0.5 s 


AS max size 


1 


1 



UMTS 30.06 version 3.0.0 



139 



TR101 146V3.0.0 (1997-12) 



3.4 PDFs of Active Session Bit-rate 

The figures below show the UL session mean bit-rate for the UDD services (at 98% satisfied users), i.e. 
UDD 2048 in the Indoor office A environment and UDD 384 in the Outdoor to indoor and pedestrian A 
environment. The rrunimum required active session throughput is 204.8 kbps for the UDD 2048 service 
and 38.4 kbps for the UDD 384 service. Note for the UDD 2048 five separate simulations have been 
performed using different radio bearers (480, 960, 1440, 1920 and 2880 kbps bearers). The PDFs of the 
DL session mean bit-rate look very similar to the UL PDFs and therefore not shown here. 



Title: MAT LAB graph 
Creator: MAT LAB, The Mathworks, In< 
CreationDate : 10/24/97 13:52:03 



Figure 20. Pdf of uplink session mean bit rate for the UDD 2048 service in the Indoor A environment 
for I 2, 3,4 and 6 codes. The maximum information bit-rate for one code is 480 kbps. The maximum 
spectrum efficiency in the uplink is when a single 480 kbps bearer is used (one code), but the other 
bearers (multicode) show also very good performance. 



Title: MAT LAB graph 

Creator: MATLAB, The Mathworks, In 

CreationDate: 10/24/97 14:17:56 



Figure 2L Pdf of uplink session mean bit-rate for UDD 384 service in the Outdoor to indoor and 
pedestrian A environment The maximum information bit-rate for the bearer is 240 kbps. The spectrum 

efficiency in the uplink is 470 kbps/MHz/cell 
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3.5 Satisfied Users versus Load 

At the SMG2 Q&A Workshop curves that show "Satisfied users versus Load" were requested. Three 
examples are shown below: UDD 2048 (Indoor office A), UDD 384 (Outdoor to indoor and pedestrian 
A) and speech (Outdoor to indoor and pedestrian A). The requirement of this kind of curves was 
removed (due to long simulation time) by the change request: CSEM/Pro Telecom, Ericsson, France 
Telecom, Nokia, Siemens AG, "Change Request on UMTS 30.03 A001 and A002," Tdoc SMG 97- 
771, Budapest, 13-17 October, 1997. 



Title: MAT LAB graph 

Creator: MAT LAB, The Mathworks, Inc 

CreationDate: 11/12/97 18:57:57 



Title: MAT LAB graph 

Creator: MATLAB, The Mathworks, Inc 

CreationDate: 11/12/97 18:30:04 
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Title: MAT LAB graph 

Creator: MAT LAB, The Mathworks, Inc 

CreationDate: 11/12/97 19:17:32 
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3.6 Some Notes on the Vehicular Environment 

The figures below show the cell plan (2 km cell radius or 6 km site-to-site distance) used and the MS 
power distribution in the Vehicular A environment. Wrap around is used and therefore statistics are 
collected from all cells (75 in the figure below). As seen in the figure showing the CDF of MS power, 
99% of the MS are within 47 dB range, so an UL dynamic range of 80 dB will not effect the system 
capacity. 



Title: MATLAB graph 

Creator: MATLAB , The Mathworks, In 

CreationDate: 11/14/97 10:46:28 
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in ETR 3 14: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of 
ETSI standards", which is available free of charge from the ETSI Secretariat. Latest updates are available on the ETSI 
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guarantee can be given as to the existence of other IPRs not referenced in ETR 3 14 (or the updates on 
http://www.etsi.fr/ipr) which are, or may be, or may become, essential to the present document. 

Foreword 

This ETSI Technical Report has been produced by the Special Mobile Group (SMG) of the European 
Telecommunications Standards Institute (ETSI). 

The contents of this TR is subject to continuing work within SMG and may change following formal SMG approval. 
Should SMG modify the contents of this TR, it will be republished by ETSI with an identifying change of release date 
and an increase in version number as follows: 

Version 3. x.y 

where: 

y the third digit is incremented when editorial only changes have been incorporated in the specification; 

x the second digit is incremented for all other types of changes, i.e. technical enhancements, corrections, 
updates, etc. 
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Introduction 

This ETSI Technical Report (TR) lists the criteria and the procedures which are to be used to compare and evaluate 
various candidates for the physical radio transmission technology of UMTS. The physical radio transmission technology 
is defined as the parts handling the bearers, normally described as a part of OSI layer 1-3. Channel coding and 
interleaving may therefore be included. The quality criteria does not include the quality of service for different services. 

The evaluation procedure in this document is based on the REVAL evaluation guidelines defined in ITU-R [2]. 
Wherever the procedure defined here deviates from ITU-R [2] it is indicated separately. 
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1 Scope 

This ETSI Technical Report (TR) establishes the technical procedure for the comparative evaluation of candidate 
technologies for the UTRA. The UTRA includes the handling of the representative bearers as defined in UMTS 21.01 
[1] i e Open System Interconnection (OSI) layers 1-3. It establishes the criteria based upon the requirements contained 
in UMTS 21 01 [1] The primary purpose of this [report] is to facilitate the comparison of different candidates between 
milestones Ml and M2 of the UTRA definition procedure (Refinement and synthesis phase). It will also be used after 
milestone M2 (Definition phase) and in the submission of the candidate to ITU. The scope of this report is not to make 
the actual choice but to define how the technical evaluation will be performed. 



2 References 

This ETR incorporates by dated and undated reference, provisions from other publications. These references are cited at 
the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments 
to or revisions of any of these publications apply to this ETR only when incorporated in it by amendment or revision. 
For undated references, the latest edition of the publication referred to applies. 

TS 101 1 1 1 (UMTS 21 .01): "Universal Mobile Telecommunication System (UMTS); Overall 
requirements on the radio interface(s) of the UMTS". 

[2] Draft new Recommendation ITU-R M.[FPLMTS.REVAL] Guidelines for evaluation of radio 

transmission technologies for IMT-200/FPLMTS 



3 Abbreviations and definitions 
3.1 Abbreviations 



For the purposes of this ETR the following Abbreviations apply. 



ALT 


Automatic Link Transfer 


AWGN 


Additive White Gaussian Noise 


BER 


Bit Error Rate 


CDMA 


Code Division Multiple Access 


ETE 


Equivalent Telephone Erlangs 


FDD 


Frequency Division Duplex 


FDMA 


Frequency Division Multiple Access 


FER 


Frame Error Rate 


FWA 


Fixed Wireless Access 


GSM 


Global System Mobile 


LDD 


Low Delay Data bearer service 


LCD 


Long Constrained Delay data bearer service 


UDD 


Unconstrained Delay Data bearer service 


OSI 


Open System Interconnection 


RF 


Radio Frequency 


RMS 


Root Mean Squared 


SD 


Standard Deviation 


TDD 


Time Division Duplex 


TDMA 


Time Division Multiple Access 


UMTS 


Universal Mobile Telecommunication System 


WFAU 


Wireless Fixed Access Unit 



3.2 



Definitions 



For the purposes of this TR the following definitions apply. 

Traffic Capacity: (Erlangs/cell (or Erlangs/satellite spot beam)) this is the total traffic that can be supported by a single 
cell (or spot beam), which is part of an infinite set of cells (or large number of satellite spot beams) in a uniform two- 
dimensional (or three dimensional) pattern. The traffic capacity must be specified at a stated spectrum allocation, quality 
and grade of service, assuming an appropriate propagation model. This metric is valuable for comparing systems with 
identical user channel requirements. 

Information Capacity: (Mbits/cell (or Mbits/satellite spot beam)) this is the total number of user-channel information 
bits that can be supported by a single cell (or spot beam) which is part of an infinite set of cells (or large number of spot 
beams) in a uniform two-dimensional (or three dimensional) pattern. The information capacity must be specified at a 
stated spectrum allocation, quality and grade of service, assuming an appropriate propagation model. This metric is 
valuable for comparing systems with identical user channel requirements. 

Hot Spot Capacity: Number of users who may be instantaneously supported per isolated cell (or satellite spot beam) 
per unit spectrum. This must be specified at a stated spectrum allocation, quality and grade of service. 

Set of Radio Transmission Technologies: A complete combination of radio transmission technologies that encompass 
the transmission dependent functions of a radio system, which has potential capabilities to meet UMTS minimum 
requirements in one or more test environments. 



4 Structure of the Recommendation 

Clause 5 outlines the RTT considerations and identifies the transmission dependent part of the radio interface considered 
in the evaluation procedure. Clause 6 defines the criteria for evaluating the RTTs and clause 7 references the tests 
environments under which the candidate SRTTs are evaluated. 

The following Annexes form part of this Recommendation: 

Annex A: Radio Transmission Technologies Description Template 

Annex B: Test Environments and Deployment Models 

Annex C: Evaluation Methodology 

Annex D: Guidance on Simulations 



5 Radio Transmission Technology considerations 

This clause is same as in [2]. 

Within a telecommunication system (see Figure 5.1), a SRTT reflects the combination of technical choices and concepts 
that allow for the provision of a radio sub-system. The evaluation process for candidate UMTS RTTs will involve 
maximising the transmission independent aspects and minimising the differences between the remaining transmission 
dependent parts in the various UMTS operating environments from an implementation perspective. 
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Figure 5.1: Radio Transmission Technologies as part of a total telecommunication system 
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Figure 5.2: Example of a Layered Structure of Radio Interface 

Figure 5.2 presents an example of a layered structure of radio interface. 

As shown in Figure 5.3, the transmission dependent part of the radio interface may be considered as a set of functional 
blocks. It should be noted that all these functional blocks are not necessarily transmission dependent in their entirety. 
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The functional blocks identified here are the following: 

- multiple access technology; 

- modulation technology; 

- channel coding and interleaving; 

- RF-channel parameters such as bandwidth, allocation and channel spacing; 

- duplexing technology; 

- frame structure; 

- physical channel structure and multiplexing. 

In the process of making design choices, the dependencies between the above functional blocks have to be considered. 
Some of the interdependencies are shown in Figure 5.3 and are further described in section 5.1. 
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Figure 5.3: Functional Blocks and Their Interdependencies 

Radio transmission technologies functional blocks 



5.1.1 Multiple access technology 

The choice of the multiple access technology has major impact on the design of the radio interface. 

5.1.2 Modulation technology 

The choice of the modulation technology depends mainly on radio environment and the spectrum efficiency 
requirements. 

5.1.3 Channel coding and interleaving 

The choice of channel coding depends on the propagation environment and spectrum efficiency and quality 
requirements of the various services. Applications of large cells, especially in case of satellite component, usually 
require more powerful channel coding, while microcellular systems, used in a pedestrian environment, may allow less 
complex channel coding. For the choice of the channel coding with or without interleaving, it may be desirable to have 
multiple choices; each optimized to the appropriate service environment. 



5.1.4 Duplexing technology 



The choice of the duplexing technology mainly affects the choices of the RF-channel bandwidth and the frame length. 
Duplexing technology may be independent of the access technology since for example either FDD (Frequency Division 
Duplex) or TDD (Time Division Duplex) may be used with either TDMA or CDMA systems. 

5.1 .5 Physical channel structure and multiplexing 

The physical channel is a specified portion of one or more radio frequency channels as defined in frequency, time and 
code domain. 

5.1.6 Frame structure 

The frame structure depends mainly on the multiple access technology (e.g. FDMA, TDMA, CDMA) and the duplexing 
technology (e.g. FDD, TDD). Commonality should be maximised by maintaining the same frame structure whenever 
possible. That is, data fields identifying physical and logical channels, as well as the frame length should be maintained 
when possible. 

5.1.7 RF channel parameters 

RF channel parameters include parameters such as bandwidth, allocation and channel spacing. 

5.2 Other functional blocks 

5.2.1 Source coder 

The choice of the source coder may generally be made independently of the access method. 

5.2.2 Interworking 

The interworking function (IWF) converts standard data services to the rates used internally by the radio transmission 
subsystem. The IWF feeds into the channel coder on the transmit side and is fed from the channel decoder on the 
receiver side. 



6 Technical characteristics chosen for evaluation 

This section is same as in [2] except that criteria for backwards compatibility and asymmetric services has been added 
into Section 6.1.4. 

As a radio interface is only one part of a system, the choice of a specific SRTT (see Figure 5.1), for the provision of a 
radio interface for IMT-2000/FPLMTS, requires consideration of the broad technical characteristics so as to cover the 
most important aspects that may impact the economics and performance of the system. 

For practical reasons, a limited set of these technical characteristics has been chosen. It by no means implies that other 
(technical and non-technical) criteria are not relevant or significant. It is however believed that those essential system 
aspects which are impacted by the RTTs are fairly covered with the selected technical characteristics. 

Given the difficulties of predicting the future, in particular when dealing with technology, sufficient provision is also 
made for a fair technical evaluation for all possible technologies, particularly new technologies. This is accomplished by 
making sure that it is not only the technology itself which is evaluated but also its impact on the system performance and 
economics. 



6.1 Criteria for evaluation of radio transmission technologies 

Each of the technical characteristics defined hereafter will be used as evaluation criterion and is further defined in the 
specific technical attributes in Annex C. The RTTs description template is given in Annex A. 

Some of the criteria such as coverage or spectrum efficiency are measurable and may be numerically evaluated. Specific 
test scenarios are given in Annex B so as to enable the proponents and evaluators to calculate and verify the required 
figures on a common and fair basis. 

Other criteria such as flexibility are of a more subjective nature and need to be assessed qualitatively. Advantages and 
drawbacks of the proposed technologies are to be given and commented on by the proponents and evaluators 
considering the technical parameters that are judged relevant to the criterion. A list of technical parameters that will be 
considered for each evaluation criterion, is given in Annex C. 

6.1 .1 Spectrum efficiency 

Optimum use of the radio spectrum is of great importance to UMTS radio interface. In general the more 
telecommunications traffic that can be handled at a given quality, for a given frequency band, the more efficiently the 
spectrum is used. Evaluation of voice traffic capacity and information capacity should take into account frequency reuse 
and signalling overhead, among other parameters, as noted in Annex B. 

6.1 .2 Technology complexity - effect on cost of installation and operation 

This criterion expresses the impact of a given RTT on complexity (and hence on cost) of implementation (equipment, 
infrastructure, installation, etc.) i.e., the less complex the better. In order to achieve the minimum cost and best 
reliability of equipment, the technologies selected should have a level of complexity consistent with the state of 
technology, the desired service objectives and the radio environment. Some technologies have several possible methods 
of implementation which allow a compromise between complexity/cost and performance. 

The installed and ongoing cost of UMTS is influenced by both the transmission technology and the level of quality and 
reliability. At a given quality level, it is impacted by the complexity of the radio hardware, the other necessary network 
infrastructures, and the ongoing operational aspects of UMTS. 

6.1.3 Quality 

Most of the quality parameters which are dealt with in other Recommendations are minimum requirements which must 
be met and are not to be treated in the evaluation process. RTTs will be evaluated on the impact of transmission 
processing delay on the end-to-end delay, expected average bit error ratio (BER) under the stated test conditions, on 
their maximum supportable bit rate under specified conditions and their overall ability to minimise circuit disruption 
during handover. In addition, they will be evaluated on their ability to sustain quality under certain extreme conditions 
such as system overload, hardware failures, interference, etc. 

6.1 .4 Flexibility of radio technologies 

This criterion is of utmost importance for UMTS operators. UMTS system will have to be flexible in terms of 
deployment, service provision, resource planning and spectrum sharing. Among the items that need to be considered are: 

- ability to balance capacity versus RF signal quality as long as minimum performance requirements are met; 

- adaptability of system(s) to different and/or time-varying propagation and traffic environments; 

- ease of radio resource management; 

- ability to accommodate fixed wireless access (FWA) architecture; 

- ease of service provision including variable bit rate capability, asymmetric services, packet data mode 
transmission and simultaneous transmission of voice and non-voice services; 

- ability to provide interoperability and backwards compatibility including implementation of dualmode 
handportables with GSM/DCS. 
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- ability to coexist in a co-ordinated manner with existing systems. See subclause 8.3 and 8.4 of UMTS 21.01. 
and for terrestrial considerations: 

- ability to accommodate mixed-cell (pico, micro, macro, and mega) architecture; 

- suitability for multiple operators in the same/overlapping service areas. RTTs will be compared based on their 
ability to: 

i) efficiently share a common spectrum allocation; 

ii) share network infrastructures (for example in areas of low subscriber density); 

iii) provide for handover between systems run by different operators. 

6.1 .5 Implication on network interface 

It is desirable to minimise the impact of the radio subsystems on fixed network interfaces. The choice of RTTs may 
affect both the actual network interfaces required in UMTS for multi-environment operation and the information passed 
over them. The need for synchronization between base stations (BSs) and between systems sharing common location 
and spectrum may be different. The requirements placed on the networks by the handover procedure may be different. 
Cross-environment operation, e.g. PSTN to wireless PBX call transfer, may require additional PSTN functionality. In 
particular, the number of signalling messages, the actual switching requirements, and the transmission capacity from BSs 
to switches may be different. RTTs should be evaluated based on the implications they impose on fixed network 
interfaces. 

6.1.6 Handportable performance optimization capability 

Handportable UMTS terminals will be used in a broad range of service and radio environments. . As with previous 
generation wireless systems, the capability for handportable voice and personal data applications will impact the market 
acceptance and success of UMTS. 

The following should be considered when evaluating the RTTs for either individual or multiple operating UMTS 
environments: 

transmit power requirements; 

transmitter and receiver linearity requirements; 

size and weight as a function of application; 

intermittent reception capability; 

circuit clock rate; 

overall complexity. 

6.1 .7 Coverage/Power efficiency 

In terrestrial systems, the minimum number of BSs per square kilometre for a given frequency assignment to offer a 
certain amount of traffic with the required coverage is an important figure, at low traffic levels. At low loading, the 
system will be noise limited and the number of base stations constrained by the maximum range achievable by the 
technology. 

At low loading, range and coverage efficiency are the major considerations, while at high loading, capacity and 
spectrum efficiency are more important. 

Technologies providing the desired level of coverage with fewer base sites for a specific test environment are defined as 
having higher coverage efficiency. 

The coverage efficiency as defined above is not applicable to satellite systems for this evaluation criterion. 



In satellite systems the DC power available for conversion into usable RF power is limited and fixed for any given 
satellite. It is important that this power is used efficiently and yields the maximum number of traffic channels of a given 
quality. The power efficiency as defined here is not applicable to terrestrial systems. 



7 Selected test environments for evaluation 

This section is same as in [2]. 

The test environments for evaluation are discussed in Annex B. The selected test operating environments are the 
following: 

Indoor Office 

Outdoor to indoor and pedestrian 
Vehicular 

Mixed-cell pedestrian/vehicular 



8 Evaluation methodology 

This section is same as in [2] except that section 9.1.4 has been removed. 

After the candidate SRTT has been compared against the technical requirements and objectives and a preliminary 
verification of the technology has been made (Steps 2 and 3 in Section 8), a technical evaluation of the candidate SRTT 
is made against each evaluation criterion given in Section 6.1. This evaluation will be made in the appropriate test 
environments using the deployment models described in Annex B. Candidate SRTTs will be evaluated based on 
technical descriptions that are submitted using the Technologies Description Template contained in Annex A. The 
detailed evaluation procedures are given in Annex C, which lists technical attributes that should be considered for the 
evaluation of SRTTs against each of the evaluation criteria. 

The evaluation criteria can be sub-divided into objective and subjective criteria. Objective criteria contain technical 
attributes that can be assessed on a quantitative basis; subjective criteria contain a mixture of technical attributes that can 
be assessed on a quantitative basis and technical attributes that can be assessed on a qualitative basis. 



Objective criteria 


Subjective criteria 


1. Spectrum efficiency 
7. Coverage efficiency 


2. Technology complexity - Effect on cost of 
installation and operation 

3. Quality 

4. Flexibility of radio technologies 

5. Implication on network interfaces 

6. Handportable performance optimization 
capability 



8.1 Objective criteria 

For these criteria, the evaluation is made based on the quantitative information submitted for each technical attribute. 
The independent evaluation groups may comment on the results and request further information or new calculations to 
further validate the given figures (e.g. by requesting simulation results when only theoretical analyses have been 
performed). The proponent is allowed to reply to these comments within a given deadline. Final conclusions or 
comments are then issued by the e valuators, and a summary evaluation for the criteria, as described in Section 9.4, is 
then given taking into account all the results. 



8.2 Subjective criteria 



For these criteria, a numerical evaluation is difficult as the information submitted for a technical attribute may be 
qualitative instead of quantitative. However, a technical-based evaluation is still feasible and beneficial if a summary 
criteria evaluation approach is taken so as to understand the relative merits and drawbacks of each candidate SRTT. In 
doing so, the most important technical information for decision-makers is then given as a result of this technical 
evaluation process. As with objective criteria, the evaluators may comment on the results and request additional 
information to further validate the SRTT submission. The proponent is allowed to reply to these comments within a 
given deadline. Final conclusions or comments are then issued by the evaluators, and a summary evaluation for the 
criteria, as described in Section 9.4, is then given taking into account all the results. 

8.3 Evaluation spreadsheet 

The following spreadsheet should be used as a guideline for the submission of the evaluation information to the SMG2. 
It includes an example for information. 



Spreadsheet for SRTT A criterion 1 



Criterion 

e.g. Flexibility 


Proponent comments 


E valuator comments 


1st technical attribute 

e.g. variable user bit rate 
capabilities 


e.g. how well the SRTT performs with 
respect to this attribute; how relevant this 
technical attribute is for the proposed SRTT 


e.g. request for clarification, disagreement, etc.; 
indication of relative importance of this attribute 
to others within this criterion 


2nd technical attribute 


This is not relevant as our technology does 
not use that particular feature, ... 




3rd technical attribute 

e.g. maximum tolerable 
Doppler shift 


Required figures xxx Comments (e.g. it has 
been obtained using the following 
assumptions) 


e.g., comments on the validity of the results; 
request for further hardware verification 








Comment sections 


General comments from the proponents 

(e.g. new relevant technical parameters to 
take into account, etc.) 


General comments from the evaluators 

(e.g. request for clarification, missing points, etc.) 


2nd step comments 


Reply to the evaluator's comments 


Summary criterion evaluation, including 
information about how the summary evaluation 
was achieved and the relative importance placed 
on the technical attributes and other 
considerations 



8.4 Summary evaluations 

. In order to. compare multiple SRTTs, it is useful to have summary evaluations for each SRTTjvithin each evaluation _ 
criterion. A summary criterion evaluation may be difficult to make when both qualitative and quantitative attributes must 
be considered, and when each technical attribute may have different relative importance with the overall evaluation 
criteria. 

To facilitate such summary criterion evaluations, Annex C identifies the importance or relative ranking of the various 

- -technicaUttributes-withm each-of-the-evaluation criteria. These-rankings.are.based.upon current anticipated market 

needs within some countries. It is recognized that market needs may differ in various countries and may change over 
time. It is also recognized the some new technical attributes or important considerations may be identified during the 
evaluation procedure that should impact on any summary criterion evaluation. As such, Annex C provides that 
evaluation groups may, if appropriate, modify the groupings of technical attributes, or add new attributes or 
considerations, in deterrnining a summary criterion evaluation. 

All evaluation groups are requested to include in the evaluation reports, information on the summary criterion 
evaluations including the relative importance which was placed on each technical attribute and any other consideration 
that affected the summary criterion evaluations. 



Annex A: 

Technologies description template 

This annex is the same as in REVAL [2] with the following exceptions : 

- question related to backwards compatibility into GSM/DCS has been added (Al .2.33) 

- elaboration of adaptive antenna capabilities (Al .2.25) 

- in items Al.3.1.5.1 and A1.3. 1.5.2 there are no more references to the 'penetration values of Annex B' since 
these values were removed from ETR 04.02 

- items Al.2.26, Al.4.3, and Al.4.15 have been amended to address some peculiarities of private systems 

- parameters have been divided into two categories: technology independent (ti) and technology dependent (td). 

A parameter is to be considered technology independent if it is relevant for all proposals (i.e. it has to be 
specified for all proposals): e.g. capability to support power control schemes; a parameter is technology 
dependent if it might be relevant only for some proposals (e.g. TDMA system characteristics which are not 
relevant for CDMA technologies, or power control characteristics which are relevant only for proposals 
supporting power control schemes). 

- parameters which are not relevant for ,the selection of UTRA are marked with an asterisk *. They do not need to 
be defined for SMG2 submission, but are kept for consistency with REVAL template. 

Description of the Radio Transmission Technology 

The RTT has to be described in a detailed form to get an overview and an understanding of the functionalities of the 
technical approach. This annex provides a template to aid in the technical description of the characteristics of a 
candidate SRTT. 

The following technical parameters, the relevant templates given in Annex B and any additionally useful information, 
should be provided for each test environment for which the candidate SRTT is proposed to operate. This can be done by 
preparing: 

1) a separate template submission for each test environment; or 

2) a single submission that includes multiple answers for those technical parameters impacted by a test environment. 

In addition to the detailed technical description described below, proponents should assure that their submission meets the 
overall UMTS objectives as defined in existing Recommendations (see section 4). Submittors should also state if the current 
ITU policy for IPR is met for their RTT proposals. 

The following table describes the technical parameters needed to characterise a proposal. Proponents should feel free to add 
any new information if required for a better assessment of their proposal. 

UMTS may serve both mobile users as well as fixed wireless users sharing common geographical locations and 
frequency. bands. As.a result, certain parameters may be designed for one or the other type of user in combination. To^ 
account for fixed wireless use of a candidate SRTT, the description given in the template should indicate when a 
parameter has been designed for dual use. 



Table contents 



A 1 . 1 Test environment support 

A 1 .2 Technical parameters 

A 1 .3 Expected performances 

Al .4 Technology design constraints 

Al .5 Information required for terrestrial link budget template 

A 1 .6 Satellite system configuration 





MA 


Test environment support 


ti 


Al.1.1 


[n what test environments will the SRTT operate? 


td 


Al.1.2 


[f the SRTT supports more than one test environment, what test environment does 
this technology description template address? 




AL1.3 


Does the SRTT include any feature in support of FWA application ? Provide detail 
about impact of those features on the technical parameters provided in this template, 
stating whether the technical parameters provided apply for mobile as well as for 
?WA applications. 




A1.2 


Technical parameters 

Note : Parameters for both forward link and reverse link should be described 
separately, if necessary. 


ti 


Al.2.1 


What is the minimum frequency band required to deploy the system (MHz)? 


ti 


Al.2.2 


What is the duplex method: TDD or FDD 


ti 


Al.2.2.1 


What is the minimum up/down frequency separation for FDD? 


ti 


Al.2.2.2 


What is requirement of transmit/receive isolation? Does the proposal require a 
duplexer in either the mobile or base station. 


ti 


Al.2.3 


Does the SRTT allow asymmetric transmission to use the available spectrum? 
Characterize. 


ti 


Al.2.4 


What is the RF channel spacing (kHz)? In addition, does the SRTT use interleaved 
frequency allocation? 

Note: Interleaved frequency allocation; allocating the 2nd adjacent channel instead of 
adjacent channel at neighboring cluster cell is so called "interleaved frequency 
allocation". If a proponent is going to employ this allocation type, proponent should 
be stated at Al.2.4 and tin ai.z.i j oi protection ratio ior oolq ui dujaucm ouu ^uu 
adjacent channel. 


ti 


Al.2.5 


What is the bandwidth per duplex RF channel (MHz) measured at the 3 dB down 
points? It is given by (bandwidth per RF channel) x (1 for TDD and 2 for FDD). 
Please provide detail. 


ti 


Al.2.5.1 


Does the proposal offer multiple or variable RF channel bandwidth capability? If so, 
are multiple bandwidths or variable bandwidths provided for the purposes of 
compensating the transmission medium for impairments but intended to be feature 
transparent to the end user? 



ti . 


kl.2.6 


What is the RF channel bit rate (kbps)? . 

The maximum modulation rate of RF (after channel encoding, adding of in-band 
control signaling and any overhead signaling) possible to transmit carrier over an RF 
channel, i.e. independent of access technology and of modulation schemes. 


ti 


Al.2.7 


Frame Structure : Describe the frame structure to give sufficient information such as; 

- frame length 

- the number of time slots per frame 

- guard time or the number of guard bits 

- user information bit rate for each time slot 

- channel bit rate (after channel coding) 

- channel symbol rate (after modulation) 

- associated control channel (ACCH) bit rate 

- power control bit rate. 

Note 1 : Channel coding may include FEC, CRC, ACCH, power control bits and 
guard bits. Provide detail. 

Note 2: Describe the frame structure for forward link and reverse link, respectively. 
xT/vt-o "5* Hpcnrilip tVip frnmp ctnirtiirp fnr pach user information rate. 


ti 


Al .2.0 


r\r»<*c the* qptt Hep frpmipTipv VifYnrnner'? Tf so characterize and exolain particularly 
the impact (e.g. improvements) on system performance. 


td 


Al.2.8.1 


What is the hopping rate? 


td 


Al .2.8.2 


What is the number of the hopping frequency sets? 


ti 


Al.2.8.3 


Are base stations synchronized or non-synchronized? 


ti 


Al.2.9 


Does the SRTT use spreading scheme? 


td 


Al.2.9.1 


What is the chip rate (Mchip/s): Rate at input to modulator. 


td 


Al.2.9.2 


What is the processing gain: 10 log (Chip rate / Information rate). 


td 


Al.2.9.3 


Explain the uplink and downlink code structures and provide the details about the 
types (e.g. PN code, Walsh code) and purposes (e.g. spreading, identification, etc.) of 
the codes. 



ti i 


M.2.10 1 


Which access technology does the proposal use: TDMA, FDMA, CDMA , hybrid, or 
1 new technology? 

[n the case of CDMA which type of CDMA is used: Frequency Hopping (FH) or 
Direct Sequence (DS) or hybrid? Characterize. 


4.1 

ti j 


A 1 0 1 1 1 
t\L .Z.l 1 


vx/iiat ic tVi*» VmcpVinnH mnrhilatinn technicme^ If both the data modulation and 
spreading modulation are required, please describe detail. 

What is the peak to average power ratio after baseband filtering (dB)? 


ti 


Al.2.12 


What are the channel coding (error handling) rate and form for both the forward and 
reverse links? e.g. 

- Does the SRTT adopt FEC (Forward Error Correction) or other schemes? 

- Does the SRTT adopt unequal error protection? Please provide details. 

- Does the SRTT adopt soft decision decoding or hard decision decoding? Please 
Drovide details. 

- Does the SRTT adopt iterative decoding (e.g. turbo codes)? Please provide details. 

- winer sciieincb. 


ti 


Al.2.13 


What is the bit interleaving scheme? Provide detailed description for both up link 

all CI UOWH lllltv. 


ti 


Al.2.14 


Describe the taken approach for the receivers (MS and BS) to cope with multipath 
nrrknarration e-ffertQ (p a via emializer RAKE receiver, etc.). 


ti 


A 1 0 1/11 


n^crriVip the robustness to intersvmbol interference and the specific delay spread 
profiles that are best or worst for the proposal. 


ti 


Al.2.14.2 


Can rapidly changing delay spread profile be accommodated? Please describe. 


ti 


Al.2.15 


What is the Adjacent channel protection ratio? 

In order to maintain robustness to adjacent channel interference, the SRTT should 
have some receiver characteristics that can withstand higher power adjacent channel 
interference Snecifv the maximum allowed relative level of adjacent RF channel 
power in dBc. Please provide detail how this figure is assumed. 




Al.2.16 


Power classes 


ti 


Al.2.16.1 


Mobile terminal emitted power: What is the radiated antenna power measured at the 

untpnnii? For terrestrial enmnonent nlease give fin dBm). For satellite component, 
antenna.: ror iciicouicii i*uiij|jujj.wiii, p±^ao^ g±w y±*x *■ « - x- 7 

the mobile terminal emitted power should be given in EIRP (dBm). 


ti 


A 1 "i 1 £ 1 1 
Al.Z.lO.l.l 


"u/v»q+ io movimnm ne?ilr nnwpr transmitted while in active or busy state? 
wnat is Hie maxiinuiii pcajv puwci uaiioiiiiiLcu. wuj.iv ±±*. **^>^^^ ^ « 


ti 


A1.2. 16.1.2 


What is the time average power transmitted while in active or busy state? Provide 
detailed explanation used to calculate this time average power. 


ti 


Al.2.16.2 


Base station transmit power per RF carrier for terrestrial component 



ti i 


U.2.16.2.1 ^ 


What is the maximum peak transmitted power per RF carrier radiated from antenna? 


ti i 


U .2.16.2.2 1 


What is the average transmitted power per RF carrier radiated from antenna? 


ti a 


\1.2.17 


What is the maximum number of voice channels available per RF channel that can 
oe supported at one base station with 1 RF channel (TDD systems) or 1 duplex RF 
;hannel pair (FDD systems), while still meeting G.726 performance requirements? 


ti , 


Al.2.18 


Variable bit rate capabilities: Describe the ways the proposal is able to handle 
variable base band transmission rates. For example, does the SRTT use: 

-adaptive source and channel coding as a function of RF signal quality 

-variable data rate as a function of user application 

-variable voice/data channel utilization as a function of traffic mix requirements? 

Characterize how the bit rate modification is performed. In addition, what are the 
advantages of your system proposal associated with variable bit rate capabilities? 


td 


Al.2.18.1 


What are the user information bit rates in each variable bit rate mode? 


ti 


Al.2.19* 


What kind of voice coding scheme or CODEC is assumed to be used in proposed 
SRTT? If the existing specific voice, coding scheme or CODEC is to be used, give 
the name of it. If a special voice coding scheme or CODEC (e.g. those not 
standardized in standardization bodies such as ITU) is indispensable for the proposed 
cdtt nrnvide detail e 2 scheme algorithm, codine rates, coding delays and the 
number of stochastic code books. 


ti 


Al.2.19.1 


Does the proposal offer multiple voice coding rate capability? Please provide detail. 


ti 


Al.2.20 


Data services: Are there particular aspects of the proposed technologies which are 
applicable for the provision of circuit-switched, packet-switched or other data 
services like asymmetric data services? For each service class (A, B, C and D) a 
description of SRTT services should be provided, at least in terms of bit rate, delay 
and BER/FER. 

Note 1 : See [draft new] Recommendation [FPLMTS .TMLG] for the definition of 

- "circuit transfer mode" 

- "packet transfer mode" 

- "connectionless service" 

and for the aid of understanding "circuit switched" and "packet switched" data 

SerVlLca 

Nnt<> ?• ^pe TTU-T Recommendation 1.362 for details about the service classes A, B, 
CandD 


ti 


Al.2.20.1 


For delay constrained, connection oriented. (Class A) 


ti 


Al.2.20.2 


For delay constrained, connection oriented, variable bit rate (Class B) 


ti 


Al.2.20.3 


For delay unconstrained, connection oriented. (Class C) 


ti 


Al. 2.20.4 


For delay unconstrained, connectionless. (Class D) 



ti 


Al.2.21 


Simultaneous voice/data services: Is the proposal capable of providing multiple user 
services simultaneously with appropriate channel capacity assignment? 






Note : The followings describe the different techniques that are inherent or improve 
r> a crrpnt extent the technoloev described above to be presented: 

Description for both BS and MS are required in attributes from A2..22 through 
Al .2.23.2. 


ti 


Al.2.22 


Power control characteristics: Is power control scheme included in the proposal? 
Characterize the impact (e.g. improvements) of supported power control schemes on 
system performance. 


td 


Al .2.22.1 


What is the power control step size in dB? 


td 


Al .2.22.2 


What are the number of power control cycles per second? 


td 


Al. 2.22.3 


What is the power control dynamic range in dB? 


td 


Al .2.22.4 


What is the minimum transmit power level with power control? 


td 


Al .2.22.5 


What is the residual power variation after power control when SRTT is operating? 
Please provide details about the circumstances (e.g. in terms of system 
characteristics, environment, deployment, MS-speed, etc.) under which this residual 
power variation appears and which impact it has on the system performance. 


ti 


Al.2.23 


Diversity combining in mobile station and base station : Are diversity combining 
schemes incorporated in the design of the SRTT? 


td 


Al.2.23.1 


Describe the diversity techniques applied in the mobile station and at the base station 
, including micro diversity and macro diversity, characterizing the type of diversity 
used, for example: 

- time diversity : repetition, RAKE-receiver, etc., 

- space diversity : multiple sectors, multiple satellite, etc., 

- frequency diversity : FH, wideband transmission, etc., 

- code diversity : multiple PN codes, multiple FH code, etc., 

- other scheme. 

Characterize the diversity combining algorithm, for example, switch diversity, 
maximal ratio combining, equal gain combining. Additionally, provide supporting 
values for the number of receivers (or demodulators) per cell per mobile user. State 
the dB of performance improvement introduced by the use of diversity. 

For the mobile station: what is the minimum number of RF receivers (or 
demodulators) per mobile unit and what is the minimum number of antennas per 
mobile unit required for the purpose of diversity reception? 

These numbers should be consistent to that assumed in the link budget template in 
Annex B and that assumed in the calculation of the "capacity" defined at A 1 .3. 1 .5. 



td , 


Al.2.23.2 


What is the degree of improvement expected in dB? Please also indicate the 
assumed condition such as BER and FER. 


ti 


Al.2.24 


Handover/ Automatic Radio Link Transfer (ALT) : Do the radio transmission 
technologies support handover? 

Characterize the type of handover strategy (or strategies) which may be supported, 
e.g. mobile station assisted handover. Give explanations on potential advantages, e.g. 
possible choice of handover algorithms. Provide evidence whenever possible. 


td 


Al. 2.24.1 


What is the break duration (sec) when a handover is executed? In this evaluation, a 
detailed description of the impact of the handover on the service performance should 
also be given. Explain how the estimate derived. 


td 


Al. 2.24.2 


For the proposed SRTT, can handover cope with rapid decrease in signal strength 
[e.g. street corner effect)? 

Give a detailed description of 

- the way the handover detected, initiated and executed, 

- how long each of this action lasts (minimum/maximum time in msec), 

- the timeout periods for these actions. 


ti 


Al.2.25 


Characterize how does the proposed SRTT react to the system deployment in terms 
of the evolution of coverage and capacity (e.g. necessity to add new cells and/or new 
carriers): 

- in terms of frequency planning 

- in terms of the evolution of adaptive antenna technology using mobile identity 
codes (e.g. sufficient number of channel sounding codes in a TDMA type of system) 

- other relevant aspects 


ti 


Al.2.26 


Sharing frequency band capabilities: To what degree is the proposal able to deal with 
spectrum sharing among UMTS systems as well as with all other systems: 

- spectrum sharing between operators 

- spectrum sharing between terrestrial and satellite UMTS systems 

- spectrum sharing between UMTS and non-UMTS systems 

- spectrum sharing between private and public UMTS operators 

- other sharing schemes. 



ti , 


Al.2.27 


Dynamic channel allocation: Characterize the DCA schemes which may be 
supported and characterize their impact on system performance (e.g. in terms of 
adaptability to varying interference conditions, adaptability to varying traffic 
conditions, capability to avoid frequency planning, impact on the reuse distance, etc.) 


ti 


Al.2.28 


Mixed cell architecture: How well do the technologies accommodate mixed cell 
architectures (pico, micro and macrocells)? Does the proposal provide pico, micro 
and macro cell user service in a single licensed spectrum assignment, with handoff as 
required between them? (terrestrial component only) 

Note: Cell definitions are as follows: 

pico - cell hex radius (r) < 100 m 
micro - 100 m < (r) < 1000 m 
macro -(r)> 1000 m 


ti 


A1 2 29 


Describe any battery saver / intermittent reception capability 


td 


Al .2.29.1 


Ability of the mobile station to conserve standby battery power: Please provide 
details about how the proposal conserve standby battery power. 


td 


Al.2.30 


Signaling transmission scheme: If the proposed system will use radio transmission 
technologies for signaling transmission different from those for user data 
transmission, describe details of signaling transmission scheme over the radio 
interface between terminals and base (satellite) stations. 


td 


Al. 2.30.1 


Describe the different signaling transfer schemes which may be supported, e.g. in 
connection with a call, outside a call. 

Fin^Q flip ^RTT <5iinr>ort new techniaues? Characterize. 

Does the SRTT support signalling enhancements for the delivery of multimedia 
services? Characterize. 


ti 


Al.2.31 


Does the SRTT support a Bandwidth on Demand (BOD) capability? Bandwidth on 
Demand refers specifically to the ability of an end-user to request multi-bearer 
services. Typically this is given as the capacity in the form of bits per second of 
throughput. Multi bearer services can be implemented by using such technologies as 
rrmlti carrier multi time slot or multi codes If so, characterize these capabilities. 

Note: BOD does not refer to the self-adaptive feature of the radio channel to cope 
with changes in the transmission quality (see Al.2.5.1). 


ti 


Al 2 32 


Does the SRTT support channel aggregation capability to achieve higher user bit 
rates? 




A1.3 


Expected Performances 




Al.3.1 


for terrestrial test environment only 



tl A 


A1 1 1 1 1 


yt/Tiot ic ihf* arVnpvahlp RFR floor level ffor voiced 

Note: BER floor level under BER measuring condition defined in Annex B using the 
data rates indicated in section 1 of Annex B. 
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What the achievable BER floor level (for data)? 

Note: BER floor level under BER measuring condition defined in Annex B using the 
data rates indicated in section 1 of Annex B. 


ti 


Al .3.1.3 


What is the maximum tolerable delay spread (in nsec) to maintain the voice and data 
Qprvire nnjilitv refluirements^ 

Note: The BER is an error floor level measured with the Doppler shift given in the 
BER measuring conditions of ANNEX B. 


ti 


Al .3.1.4 


What is the maximum tolerable doppler shift (in Hz) to maintain the voice and data 

cprtrif p mi5»li+v rpmnrPTinent^ V 

Note: The BER is an error floor level measured with the delay spread given in the 
BER measuring conditions of ANNEX B. 


ti 


Al.3.1.5 


Capacity : The capacity of the radio transmission technology has to be evaluated 
assuming the deployment models described in ANNEX B and technical parameters 
from Al.2.22 through Al.2.23.2. 


ti 


Al.3.1.5.1 


What is the voice traffic capacity per cell (not per sector): Provide the total traffic 
that can be supported by a single cell in Erlangs/MHz/cell in a total available 
assigned non-contiguous bandwidth of 30 MHz (15 MHz forward/15 MHz reverse) 
for FDD mode or contiguous bandwidth of 30 MHz for TDD mode. Provide 
capacities considering the model for the test environment in ANNEX B. The 
procedure to obtain this value in described in ANNEX B. The capacity supported by 
not a standalone cell but a single cell within contiguous service area should be 
obtained here. 


ti 


A1.3. 1.5.2 


What is the information capacity per cell (not per sector): Provide the total number 
of user-channel information bits which can be supported by a single cell in 
Mbps/MHz/cell in a total available assigned non-contiguous bandwidth of 30 MHz 
(15 MHz forward / 15 MHz reverse) for FDD mode or contiguous bandwidth of 30 
MHz for TDD mode. Provide capacities considering the model for the test 
environment in ANNEX B. The procedure to obtain this value in described in 
ANNEX B. The capacity supported by not a standalone cell but a single cell within 
contiguous service area should be obtained here. 


ti 


Al.3.1.6 


Does the SRTT support sectorization? If yes, provide for each sectorization scheme 
and the total number of user-channel information bits which can be supported by a 
single site in Mbps/MHz (and the number of sectors) in a total available assigned 
non-contiguous bandwidth of 30 MHz (15 MHz forward/15 MHz reverse) in FDD 
mode or contiguous bandwidth of 30 MHz in TDD mode. 


ti 


Al.3.1.7 


Coverage efficiency : The coverage efficiency of the radio transmission technology 
has to be evaluated assuming the deployment models described in ANNEX B. 



ti 


A1.3. 1.7.1 


What is the base site coverage efficiency in Km z /site for the lowest traffic loading in 
the voice only deployment model? Lowest traffic loading means the lowest 
penetration case described in ANNEX B. 


ti 


A1.3. 1.7.2 


What is the base site coverage efficiency in Km /site for the lowest traffic loading in 
the data only deployment model? Lowest traffic loading means the lowest 
penetration case described in ANNEX B. 




Al.3.2* 


'or satellite test environment only 


ti 


Al.3.2.1 * 


What is the required C/No to achieve objective performance defined in ANNEX B? 


ti 


Al.3.2.2* 


What are the Doppler compensation method and residual Doppler shift after 
compensation? 


ti 


Al.3.2.3 * 


Capacity : The spectrum efficiency of the radio transmission technology has to be 
evaluated assuming the deployment models described in ANNEX B. 


ti 


Al.3.2.3.1 * 


What is the voice information capacity per required RF bandwidth (bits/sec/Hz)? 


ti 


Al.3.2.3.2* 


What is the voice plus data information capacity per required RF bandwidth 
(bits/sec/Hz)? 


ti 


Al.3.2.4* 


Normalized power efficiency : The power efficiency of the radio transmission 
technology has to be evaluated assuming the deployment models described in 
ANNEX B. 


ti 


Al.3.2.4.1 * 


What is the supported information bit rate per required carrier power-to-noise density 
ratio for the given channel performance under the given interference conditions for 
voice? 


ti 


A1.3.2A2 * 


What is the supported information bit rate per required carrier power-to-noise density 
ratio for the given channel performance under the given interference conditions for 
voice plus data? 


ti 


Al.3.3 


Maximum user bit rate (for data): Specify the maximum user bit rate (kbps) available 
in the deployment models described in ANNEX B. 


ti 


Al.3.4 


What is the maximum range in meters between a user terminal and a base station 
(prior to hand-off, relay, etc.) under nominal traffic loading and link impairments as 
defined in Annex B? 



ti , 


Al.3.5 


Describe the capability for the use of repeaters 


ti 


Al.3.6 


Antenna Systems : Fully describe the antenna systems that can be used and/or have to 
be used; characterize their impacts on systems performance, (terrestrial only) e.g.: 

- Does the SRTT have the capability for the use of remote antennas: Describe 
whether and how remote antenna systems can be used to extend coverage to low 
traffic density areas. 

- Does the SRTT have the capability for the use of distributed antennas: Describe 
whether and how distributed antenna designs are used, and in which UMTS test 
environments. 

- Does the SRTT have the capability for the use of smart antennas (e.g. switched 
Deam, adaptive, etc.): Describe how smart antennas can be used and what is their 
impact on system performance. 

- Other antenna systems. 




Al.3.7 


Delay (for voice) 


ti 


Al.3.7.1 


What is the radio transmission processing delay due to the overall process of channel 
coding, bit interleaving, framing, etc., not including source coding? This is given as 
transmitter delay from the input of the channel coder to the antenna plus the receiver 
delay from the antenna to the output of the channel decoder. Provide this 
information for each service being provided. In addition, a detailed description of 
how this parameter was calculated is required for both the up-link and the down-link. 


ti 


Al.3.7.2 


What is the total estimated round trip delay in msec to include both the processing 
delay, propagation delay (terrestrial only) and vocoder delay? Give the estimated 
delay associated with each of the key attributes described in Figure 1 of Annex C that 
make up the total delay provided. 


ti 


Al.3.7.3 * 


Does the proposed SRTT need echo control? 


ti 


Al.3.8* 


What is the MOS level for the proposed codec for the relevant test environments 
given in Annex B? Specify its absolute MOS value and its relative value with respect 
to the MOS value of G.71 l(64k PCM) and G.726 (32k ADPCM). 

Note: If a special voice coding algorithm is indispensable for the proposed SRTT, the 
proponent should declare detail with its performance of the codec such as MOS level. 
(See AL2.19) 


ti 


Al.3.9 


Description on the ability to sustain quality under certain extreme conditions. 


ti 


Al.3.9.1 


System overload (terrestrial only) : Characterize system behavior and performance in 
such conditions for each test services in Annex B, including potential impact on 
adjacent cells. Describe the effect on system performance in terms of blocking grade 
of service for the cases that the load on a particular cell is 125%, 150%, 175%, and 
200% of full load. Also describe the effect of blocking on the immediate adjacent 
cells. Voice service is to be considered here. Full load means a traffic loading which 
results in 1% call blocking with the BER of 10" 3 maintained. 



ti * 


Al .3.9.2 


Hardware failures : Characterize system behavior and performance in such 
conditions. Provide detailed explanation on any calculation. 


ti . 


Al .3.9.3 


Interference immunity : Characterize system immunity or protection mechanisms 
against interference. What is the interference detection method? What is the 
interference avoidance method? 


ti 


Al.3.10 


Characterize the adaptability of the proposed SRTT to different and/or time varying 
conditions (e.g. propagation, traffic, etc.) that are not considered in the above 
attributes of the section A1.3. 




A1.4 


Technology Design Constraints 


ti 


Al.4.1 


Frequency stability : Provide transmission frequency stability (not oscillator stability) 
requirements of the carrier (include long term - 1 year - frequency stability 
requirements in ppm). 


ti 


Al.4.1.1 


For Base station transmission (terrestrial component only) 


ti 


Al .4.1.2 


For Mobile station transmission 


ti 


Al.4.2 


Out of band and spurious emissions: Specify the expected levels of base or satellite 
and mobile transmitter emissions outside the operating channel, as a function of 
frequency offset. 


ti 


Al.4.3 


Synchronisation requirements: Describe SRTT's timing requirements , e.g. 

- Is base station-to-base station or satellite LES-to-LES synchronisation required? 
Provide precise information, the type of synchronisation, i.e., synchronisation of 
carrier frequency, bit clock, spreading code or frame, and their accuracy. 

- Is base station-to-network synchronisation required? (terrestrial only) 

- State short-term frequency and timing accuracy of base station (or LES) transmit 
signal. 

- State source of external system reference and the accuracy required, if used at base 
station (or LES)(for example: derived from wireline network, or GPS receiver). 

- State free run accuracy of mobile station frequency and timing reference clock. 

- State base-to-base bit time alignment requirement over a 24 hour period, in 
microseconds . 

- For private systems: can multiple unsynchronized systems coexist in the same 
environment? 


ti 


Al.4.4 


Timing jitter : For base (or LES) and mobile station give: 

- the maximum jitter on the transmit signal, 

- the maximum jitter tolerated on the received signal. 

Timing jitter is defined as RMS value of the time variance normalized by symbol 
duration. 



ti . 


Al.4.5 


Frequency synthesizer : What is the required step size, switched speed and frequency 
ranee of the freauencv svnthesizer of mobile stations? 


ti 


Al.4.6* 


Does the proposed system require capabilities of fixed networks not generally 
available today? 


td 


Al .4.6.1 


Describe the special requirements on the fixed networks for the handover procedure. 
Provide handover procedure to be employed in proposed SRTT in detail. 


ti 


Al.4.7 


Fixed network Feature Transparency 


ti 


Al.4.7.1* 


Which service(s) of the standard set of ISDN bearer services can the proposed SRTT 
pass to users without fixed network modification. 


ti 


Al.4.8 


Characterize any radio resource control capabilities that exist for the provision of 
roaming between a private (e.g., closed user group) and a public UMTS operating 
environment. 


ti 


Al.4.9 


Describe the estimated fixed signaling overhead (e.g., broadcast control channel, 
power control messaging). Express this information as a percentage of the spectrum 
which is used for fixed signaling. Provide detailed explanation on your calculations. 


ti 


Al.4.10 


Characterize the linear and broadband transmitter requirements for base and mobile 
station, (terrestrial only) 


ti 


Al.4.11 


Are linear receivers required? Characterize the linearity requirements for the 
receivers for base and mobile station, (terrestrial only) 


ti 


A1A12 


Specify the required dynamic range of receiver, (terrestrial only) 


ti 


AL4.13 


What are the signal processing estimates for both the handportable and the base 
station? 

- MOPS (Mega Operation Per Second) value of parts processed by DSP 

- gate counts excluding DSP 

- ROM size requirements for DSP and gate counts in kByte 

- RAM size requirements for DSP and gate counts in kByte 

Note 1: At a minimum the evaluation should review the signal processing estimates 
(MOPS, memory requirements, gate counts) required for demodulation, equalization, 
channel coding, error correction, diversity processing (including RAKE receivers), 
adaptive antenna array processing, modulation, A-D and D-A converters and 
multiplexing as well as some IF and baseband filtering. For new technologies, there 
may be additional or alternative requirements (such as FFTs etc.). 

Note 2 : The signal processing estimates should be declared with the estimated 
condition such as assumed services, user bit rate and etc. 



ti 


Al.4.14* 


Dropped calls: Describe how the SRTT handles dropped calls. Does the proposed 
SRTT utilize a transparent reconnect procedure - that is, the same as that employed 
for handoff? 


ti 


Al.4.15 


Characterize the frequency planning requirements: 

- Frequency reuse pattern: given the required C/I and the proposed technologies, 
specify the frequency cell reuse pattern (e.g. 3-cell, 7-cell, etc.) and, for terrestrial 
systems, the sectorization schemes assumed; 

- Characterize the frequency management between different cell layers; 

- Does the SRTT use interleaved frequency allocation? 

- Are there any frequency channels with particular planning requirements? 

- Can the SRTT support self planning techniques? 

- All ntlipr rplpvant remivrements 

Note: Interleaved frequency allocation is to allocate the 2nd adjacent channel instead 
of adjacent channel at neighboring cluster cell. 


ti 


Al.4.16 


Describe the capability of the proposed SRTT to facilitate the evolution of existing 
radio transmission technologies used in mobile telecommunication systems migrate 
toward this SRTT. Provide detail any impact and constraint on evolution. 


ti 


Al.4.16.1 


Does the SRTT support backwards compatibility into GSM/DCS in terms of easy 
dual mode terminal implementation, spectrum co-existence and handover between 
UMTS and GSM/DCS'? . 


ti 


Al.4.17 


Are there any special requirements for base site implementation? Are there any 
features which simplify implementation of base sites? (terrestrial only) 


ti 


A1.5 


Information required for terrestrial link budget template: Proponents should fulfill 
the link budget template given in Table 1 .3 of Annex B and answer the following 
questions. 


ti 


Al.5.1 


What is the base station noise figure (dB)? 


ti 


Al.5.2 


What is the mobile station noise figure (dB)? 


ti 


Al.5.3 


What is the base station antenna gain (dBi)? 


ti 


Al.5.4 


What is the mobile station antenna gain (dBi)? 


ti 


Al.5.5 


What is the cable, connector and conbiner losses (dB)? 
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A 1 ^ ^ 


What are the nnmher of traffic channels ner RF carrier? 


ti 


Al.5.6 


What is the SRTT operating point (BER/FER) for the required E^/Nq in the link 
budget template? 


ti 


Al.5.7 


What is the ratio of intra-sector interference to sum of intra-sector interference and 
inter-sector interference within a cell (dB)? 



ti , 


A.l.5.8 


What is the ratio of in-cell interference to total interference (dB)? 


ti . 


A.l.5.9 


What is the occupied bandwidth (99%) (Hz)? 


ti 


A.l.5.10 


What is the information rate (dBHz)? 




A1.6* 


Satellite System Configuration (applicable to satellite component only) : 
Configuration details in this sub-section are not to be considered as variables. They 

are for information only. 




Al.6.1 * 


Configuration of satellite constellation 




Al.6.1.1 * 


GSO, HEO, MEO, LEO or combination? 




Al.6.1.2* 


What is the range of height where satellites are in active communication? 




Al.6.1.3* 


What is the orbit inclination angle? 




Al.6.1.4* 


What are the number of orbit planes? 




Al.6.1.5 * 


What are the number of satellites per orbit plane? 




Al.6.2 * 


What is the configuration of spot beams/cell layout pattern? 




Al.6.3 * 


What is the frequency reuse plan among spot beams? 




/\1 .0.*+ 


What is the service link G/T of satellite beam (average, minimum)? 




a i /: c * 
A1.0.J 


What is the service link saturation EIRP of each beam (average, minimum), when 
configured to support 'Hot spot'? 




J\l ,0.0 


What is the service link total saturation EIRP per satellite? 




A 1 A 7 * 


Satellite e i r n (effective isotropic radiated power) per RF earner for satellite 
component 




Al.6.7.1 * 


What is the maximum peak e.i.r.p. transmitted per RF carrier? 




Al.6.7.2* 


What is the average e.Lr.p. transmitted per RF carrier? 




Al.6.8 * 


What is the feeder link information? 




Al.6.9* 


What is the slot timing adjustment method (mainly applicable to TDMA system)? 




Al.6.10* 


What is the satellite diversity method, if applicable? 



Annex B: 

Test environments and deployment models 

This annex describes the reference scenarios (test environments and deployment models) and propagation models 
necessary to elaborate the performance figures of candidate SRTTs for the UMTS Terrestrial Radio Access system 
UTRA. These reference scenarios are based on REVAL ones [2] in order to ease the submission of UTRA as a 
candidate for IMT-2000/FPLMTS. 

Editor's notes : Changes with respect to REVAL Annex 2 Part 1 - Terrestrial Component 
This section is same as in REVAL with the following exceptions: 

- in Table 1.0 number of bit rates have been reduced , delay values have been added from 04-01 and voice activity 
factor has been set to 50%. 

- the REVAL model for packet data in Table 1 .0 has been replaced by a new model described in Table 1 . 1 and 
Figure 1.0. 

- deployment Model in section 1 .3.2 are different from REVAL. New packet data and mixed service models are 
used. 



B. 1 Test Environments 

This section will provide the reference model for each test operating environment. These test environments are intended 
to cover the range of UMTS operating environments. The necessary parameters to identify the reference models include 
the test propagation environments, traffic conditions, user information rate for prototype voice and data services, and the 
objective performance criteria for each test operating environment. 

The test operating environments axe considered as a basic factor in the evaluation process of the RTTs. The reference 
models are used to estimate the critical aspects, such as the spectrum, coverage and power efficiencies. This estimation 
will be based on system-level calculations and link-level software simulations using propagation and traffic models. 

B.1 .1 Mapping of high level requirements onto Test environments 

This section presents a mapping of high level services requirements onto Test environments described in the reminder of 
this document. The mapping consists in identifying the maximal user bit rate in each Test environment, together with the 
maximal speed, expected range and associated wideband channel model for evaluation purposes. This should be 
considered in the design and evaluation of each proposal. 



High level 
description 


Maximal bit 
rate 


Maximal 
speed 


Test environment 
Channel models 


Cell coverage 


Rural outdoor 


144 kbit/s 


500km/h 


Vehicular Channel A & B 


Macrocell 


Suburban outdoor 


384kbit/s 


120km/h 


Outdoor to Indoor and Pedestrian 
Channel A & B 


Microcell 


Vehicular Channel A 


Macrocell 


Indoor/ 

Low range outdoor 


2048 kbit/s 


lOkm/h 


Indoor Channel A & B 


Picocell 


Outdoor to Indoor and Pedestrian 
Channel A 


Microcell 



B.1 .2 Services description 

B.1 .2.1 Test services characteristics 

Gritieal-aspeGts-of-SR^ 

appropriate UMTS services. These UMTS services are, as minimum, characterised by: 

- ranges of supported data rates, 

- BER requirements, 

- one way delay requirements, 

- activity factor, 

- traffic models. 

Table 1.0 provides a list of test data rates for evaluation purposes. 



Table 1.0: List of test data rates for evaluation purposes 



Test environments 


Indoor Office 


Outdoor to Indoor 
and Pedestrian 


Vehicular 
120km/h 


Vehicular 
500km/h 


Test services 


bit rates (values) 

BER 
Channel activity 


bit rates (values) 

BER 
Channel activity 


bit rates (values) 

BER 
Channel activity 


bit rates (values) 

BER 
Channel activity 


Representative 
low delay data 
bearer for 
speech* 1 


8 kbps 
< 10" 3 
20 ms 
50% 


8 kbps 
<10" 3 
20 ms 
50% 


8 kbps 
< 10" 3 
20 ms 
50% 


8 kbps 
< 10" 3 
20 ms 
50% 


LDD Data 
(circuit-switched, 
low delay)* 1 


144-384-2048 kbps 
< 10" 6 
50 ms 
100% 


64- 144 -384 kbps 
^lO* 6 
50 ms 
100% 


32- 144 -384 kbps 
< 10' 6 
50 ms 
100% 


32 -- 144 kbps 
< 10* 6 
50 ms 
100% 


LCD Data 
(circuit-switched, 
long delay 
constrained)* 1 


144-384-2048 kbps 
< 10 -6 
300 ms 
100% 


64 - 144 - 384 kbps 
< lO" 6 
300 ms 
100% 


32 - 144 - 384 kbps 
< 10" 6 
300 ms 
100% 


32 . - 144 kbps 
< 10" 6 
300 ms 
100% 


UDD Data 
(packet) 

Connection-less 
information types 


See section 1,2.2 


See section 1.2.2 


See section 1.2.2 


See section 1.2.2 



* l Proponents must indicate the achieved one-way delay (excluding propagation delay, delay due to speech framing and 
processing delay of voice channel coding) for all the test services. 

NOTE: For LDD services, a BER threshold of 10" 4 will be considered for the initial comparison phase of the 

different concepts in order to reduce simulation times. The BER threshold of 10" 6 will be considered in the 
optimisation phase. 



NOTE: For TDD services refer to Annex D 



B. 1.2.2 Traffic models 



Real time services 



For all real time test services, calls should be generated according to a Poisson process assuming a mean call duration of 
-120_seconds.forspeech.anclcircuitswitcried.data .services. 



For speech, the traffic model should be an on-off model, with activity and silent periods being generated by an 
exponential distribution. Mean value for active and silence periods are equal to 3 seconds and independent on the up and 
downlink and both are exponentially distributed. 

For circuit switched data services, the traffic model should be a constant bit rate model, with 100 % of activity. 
Non-real time services 

Figure 1.0 depicts a typical WWW browsing session, which consists of a sequence of packet calls. We only consider 
the packets from a source which may be at either end of the link but not simultaneously. The user initiates a packet call 
when requesting an information entity. During a packet call several packets may be generated, which means that the 
packet call constitutes of a bursty sequence of packets, see [ref 1] and [ref 2]. It is very important to take this 
phenomenon into account in the traffic model. The burstyness during the packet call is a characteristic feature of packet 
transmission in the fixed network. 



Theinstans of packet arrivals 
to base station buffer 




A packet call 

■m\ — fiTTT mini 



A packet service session 



First packet arrival 
to base station buffer 



Last packet arrival 
to base station buffer 



Figure 1.0. Typical characteristic of a packet service session. 



A packet service session contains one or several packet calls depending on the application. For example in a WWW 
browsing session a packet call corresponds the downloading of a WWW document. After the document is entirely 
arrived to the terminal, the user is consuming certain amount of time for studying the information. This time interval is 
called reading time. It is also possible that the session contains only one packet call In fact this is the case for a file 
transfer (FTP). Hence, the following must be modelled in order to catch the typical behaviour described in Figure 1.: 

- Session arrival process 

- Number of packet calls per session, N pc 

- Reading time between packet calls, D pc 

- Number of datagrams within a packet call, Nj 

- Inter arrival time between datagrams (within a packet call) 

- Size of a datagram, £</ 

Note that the session length is modelled implicitly by the number of events during the session. 



Next it will be described how these six different events are modelled. The geometrical distribution is used (discrete 
representation of the exponential distribution), since the simulations are using discrete time scale. 

Session arrival process: How do session arrive to the system. The arrival of session set-ups to the network is modelled 
as a Poisson process. For each service there is a separate process. It is important to note that this process for each service 
only generat es the time instan ts when servi ce calls begin a n d it h as nothing to do with call terminatio n. 

The number of packet call requests per session, N pc : This is a geometrically distributed random variable with a mean 
V>Npc [packet calls], i.e., 

N pc eGeom(ji Npc ). 

The reading time between two consecutive packet call requests in a session, D pc ; : This is a geometrically distributed 
random variable with a mean li^ pc [model time steps], i.e., 

D pc eGeom(fi Dpc ). 

Note that the reading time starts when the last packet of the packet call is completely received by the user. The reading 
time ends when the user makes a request for the next packet call. 

The number of packets in a packet call, N d : The traffic model should be able to catch the various characteristic 
features possible in the future UMTS traffic. For this reason different statistical distributions can be used to generate 
the number of packets. For example N d can be geometrically distributed random variable with a mean /i Nd [packet], i.e., 

N d eGeom(ji Nd ). 

It must be possible to select the statistical distributions that describes best the traffic case under study should be selected. 
An extreme case would be that the packet call contains a single large packet. 

The time interval between two consecutive packets inside a packet call, D d : This is a geometrically distributed random 
variable with a mean \i& d [model time steps], i.e., 

D d e Geom(\i Dd ) . 

Naturally, if there are only one packet in a packet call, this is not needed. 

Packet size, S d : The traffic model can use such packet size distribution that suits best for the traffic case under study. 
Pareto distribution with cut-off is used. 

The normal Pareto distribution (without cut-off) is defined by: 



F r (x) 



ka 

M = 7> a>1 

a -I 

2 k2 ' a 
(a-2)-(a-l) 2 



PacketSize is defined with the following formula: 



PacketSize = min(P, m) , 



where P is normal Pareto distributed random variable (a=l.l, k=8L5 bytes) and m is maximum allowed packet size, 
m=66666 bytes. The PDF of the PacketSize becomes: 



P,x = m 

where P is the probabili ty tha t x>m. I t can easily be ca lculated as: 



>i 



Then it can be calculated as: 
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with the parameters above the average size is: 



ok 



. calculating... = ' 



a-l 



jU n = 480bytes 



Table 1.1 gives default mean values for the distributions of typical www service. According to the values for a and k in 
the Pareto distribution, the average packet size \i is 480 bytes. Average requested filesize is fitfjx u = 25 x 480 bytes ~ 
12 kBytes. The interarrival time is adjusted in order to get different average bit rates at the source level. 

Table 1.1: Characteristics of connection-less information types 



S^ac&fcbased^p 
Birifonnatiomtypes^ 

mamm 


Averagemumber 
Sc^packeSeallsy 
sWitrnma;session^ 


^^era^rgadulg 
^®l^|cauWpslfc 




imterarnyaHtime 
[between packets^ 


i&arameters;:for^ 
^^pa^ketisizett^ 
iWfQis^liurim^^ 

■m 


WWW surfing 
UDD 8 kbit/s 


5 


All 


25 


0.5 


k-81.5 
(=1.1 


WWW surfing 
UDD 32 kbit/s 


5 


412 


25 


0.125 


k = 81.5 
(=1.1 


WWW surfing 
UDD 64 kbit/s 


5 


412 


25 


0.0625 


k = 81.5 
(=1.1 


WWW surfing 
UDD 144 kbit/s 


5 


412 


25 


0.0277 


k = 81.5 
(=1.1 


WWW surfing 
UDD 384 kbit/s 


5 


412 


25 


0.0104 


k = 81.5 
(=1.1 


WWW surfing 
UDD 2048 kbit/s 


5 


412 


25 


0.00195 


k- 81.5 
<x= 1.1 



[ref 1] Anderlind Erik and Jens Zander " A Traffic Model for Non-Real-Time Data Users in a Wireless Radio Network" 
IEEE Communications letters. Vol 1 No. 2 March 1997. 

[ref 2] Miltiades E et al. "A multiuser descriptive traffic source model" IEEE Transactions on communications, vol 44 
no 10, October 1996. 



1 The different interarrival times correspond to average bit rates of 8, 32, 64, 144, 384 and 2048 kbit/s. 



B.1.2.3 Tests configurations 



This section presents the different tests configurations to be considered in the evaluation of the UTRA. This represents 
an exhaustive list of cases to be considered in the optimisation of the UTRA concept. 

For each Te st environment the different test service mixtures and coverages t y pes to be c onside red are listed in Tab le 
1.2. The table also specifies what are the expected results for coverage efficiency and spectrum efficiency in each case. 



Table 1.2 - List of Tests configurations 



Test 
environment 


Service mixture 


Propagation model 


Cell coverage 


Link level 
Coverage 
efficiency 


System level 
Spectrum 
efficiency 


Vehicular 
500km/h 


Speech 

LDD 144 kbit/s 
LCD 144 kbit/s 


Vehicular A & B 


Macroceil 


X 




Vehicular 
250km/h 


Speech 

LDD 144 kbit/s 
LCD 144 kbit/s 


Vehicular A & B 


Macrocell 


X 




Vehicular 
120km/h 


Speech 

LDD 32, 144, 384 kbit/s 

LCD 32, 144, 384 kbit/s 

UDD 8, 32, 144, 384 

50 % speech + 50 % UDD 8 

50 % speech + 50 % UDD 
384 


Vehicular A & B 


Macroceil 


X 


X 


Outdoor to 
Indoor and 
Pedestrian 

3 km/h 


Speech 

LDD 64, 144, 384 kbit/s 

LCD 64, 144, 384 kbit/s 

UDD 8, 64, 144, 384 

50 % speech + 50 % UDD 8 

50 % speech + 50 % UDD 
384 


Outdoor to Indoor 
and Pedestrian A & B 


Microcell 


X 


X 






(continued) 









Table 1.2 - List of Tests configurations (concluded) 





Test 
environment 


Service mixture 


Propagation model 


Cell coverage 


Link level 
Coverage 
efficiency 


System level 
Spectrum 
efficiency 




Outdoor to 


Speech 


Vehicular A 


Macrocell 


X 


X 




Indoorand 
Pedestrian 

50km/h 


LDD 64, 144, 384 kbit/s 

LCD 64; 144, 384 kbit/s 

UDD 8, 64, 144, 384 

50 % speech + 50 % UDD 8 

50 % speech + 50 % UDD 
384 












Mixed cell 

Pedestrian/Ve 

hicular 

3 3an/hfor 
pedestrian 

120 km/h for 
vehicles 


Speech 

LDD 64, 144, 384 kbit/s 

LCD 64, 144, 384 kbit/s 

UDD 8, 64, 144, 384 

50 % sneech + 50 % UDD 8 

50 % speech + 50 % UDD 
384 


Vehicular A for 
macrocell 

Outdoor to Indoor 
and Pedestrian A & B 
for microcell 


Macrocell 
Microcell 




X 


Indoor 
3 km/h 


Speech 

LDD 144, 384, 2048 kbit/s 

LCD 144, 384, 2048 kbit/s 

UDD 8, 144, 384, 2048 

50 % sneech + 50 % UDD 8 

50 % speech + 50 % UDD 
2048 


Indoor A & B 


Picocell 


X 


X 


Indoor 
(Low range 

UUlUUUlJ 

3 km/h 


Speech 

LDD 144, 384, 2048 kbit/s 
LCD 144, 384, 2048 kbit/s 
UDD 2048 kbit/s 


Outdoor to Indoor 
and Pedestrian A 


Microcell with 
penetration 


X 





NOTE 1 : In the case of mix services, the percentage represents the percentages of users, i.e. 50% of speech users 
and 50% of UDD users. This service mixture is to be used only for system simulations, but not for link 
level simulations for which services have to be evaluated independently. 

NOTE 2: The coverage efficiency is to be evaluated for all circuit switched services in all environments using the 
simplified link budget template, and for at least on bearer service per environment using the alternative 
approach by system simulations (see section 1.6.3). 

NOTE 3: The speed value specified for each Test environment is to be used to simulate the doppler effect in link 
level simulations. 

NOTE 4: In order to reduce simulation times, the BER threshold may be relaxed to 10" 4 for circuit switched data 
bearer services/except for the test cases needed for submission to REVAL. 



B.1 .3 Test Environment Descriptions 



A central factor of mobile radio propagation environments is multi-path propagation causing fading and channel time 
dispersion. The fading characteristics vary with the propagation environment and its impact on the communication 
quality (i.e. bit error patterns) is highly dependent on the speed of the mobile station relative to the serving base station. 
Jftese-environments-are^escribed^ — 

The purpose of the test environments is to challenge the RTTs. Instead of constructing propagation models for all 
possible UMTS operating environments, a smaller set of test environments is defined which adequately span the overall 
range of possible environments. The descriptions of these test environments may therefore not correspond with those of 
the actual operating environments. 

This section will identify the propagation model for each test operating environment listed below. For practical reasons, 
these test operating environments are an appropriate subset of the UMTS operating environments described in 
Recommendation ITU-R M.1034. While simple models are adequate to evaluate the performance of individual radio 
links, more complex models are needed to evaluate the overall system-level reliability and suitability of specific 
technologies. For narrowband technologies, time delay spread may be characterized by its r.m.s. value alone; for 
wideband technologies, however, the number, strength, and relative time delay of the many signal components become 
important. For some technologies (e.g. those employing power control) these models must include coupling between all 
co-channel propagation links to achieve maximum accuracy. Also, in some cases, the large-scale (shadow fading) 
temporal variations of the environment must be modelled. 

The key parameters to describe each propagation model would include: 

i) time delay-spread, its structure, and its statistical variability (e.g. probability distribution of time delay spread); 

ii) geometrical path loss rule (e.g. R"^) and excess path loss; 

iii) shadow fading; 

iv) multipath fading characteristics (e.g. Doppler spectrum, Rician vs. Rayleigh) for the envelope of channels; and, 

v) operating radio frequency. 

Statistical models are proposed in section 1 .2 to generate path losses and time delay structures for paths in each test 
environment. 

It should be noted that UMTS will be a world-wide standard. Therefore, the models proposed for evaluation of RTTs 
should consider a broad range of environment characteristics, e.g. large and small cities, tropical, rural, and desert areas. 

The following sections provide a brief description of the conditions that might be expected in the identified 
environments. The specific channel parameters are found in the appropriate parts of section 1.2. 

UMTS may include both mobile wireless and fixed wireless applications. It should be noted that for the purpose of 
evaluation, operation in the fixed environment is considered to be covered by the mobile test environments. Generally, 
the fixed wireless channel model will be less complex due to lack of mobility. As a result, there is a trade-off possible 
between fixed and mobile users which should be considered while evaluating SRTTs. 



B. 1.3.1 Indoor Office Test Environment 

This environment is also characterized by small cells and low transmit powers. Both base stations and pedestrian users 
are located indoors. Section B.1. 2.2 describes the channel impulse response model and its parameters. The path loss rule 
varies due to scatter and attenuation by walls, floors, and metallic structures such as partitions and filing cabinets. These 
objects also produce shadowing effects. A log-normal shadow fading standard deviation of 12 dB can be expected. 
Fading ranges from Rician to Rayleigh, with Doppler frequency offsets set by walking speeds. 



B.1 .3.2 Outdoor to Indoor and Pedestrian Test Environment 

This environment is characterized by small cells and low transmit power. Base stations with low antenna heights are 
located outdoors; pedestrian users are located on streets and inside buildings and residences. Section 1 .2.2 describes the 
channel impulse response model. A geometrical path loss rule of R"^ is appropriate, but a wider range should be 
considered. If the path is a line of sight on a canyon-like street, for example, the path loss follows a R"^ rule where there 



is Fresnel zone clearance. For the region where there is no longer Fresnel zone clearance, a path loss rule of R~4 is 
appropriate but a range up to R" 6 may be encountered due to trees and other obstructions along the path. Log-normal 
shadow fading with a standard deviation of 10 dB is reasonable for outdoors and 12 dB for indoor. Building penetration 
loss averages 12 dB with a standard deviation of 8 dB. Rayleigh and/or Rician fading rates are generally set by walking 
speeds, but faster fading due to reflections from moving vehicles is occasionally seen. 



B.1.3.3 Vehicular Test Environment 

This environment is characterized by larger cells and higher transmit power. Assuming limited spectrum, higher cell 
capacity will be important. Section 1 .2.2 describes the channel impulse response model and its parameters. A 
geometrical path loss rule of R" 4 and log-normal shadow fading with 10 dB standard deviation are appropriate in urban 
and suburban areas. In rural areas with flat terrain the path loss is lower than that of urban and suburban areas. In 
mountainous areas, if path blockage are avoided by choosing base station locations, a path loss rule closer to R"2 may be 
appropriate. Rayleigh fading rates are set by vehicle speeds. Lower fading rates are appropriate for applications 
employing stationary terminals. 

B.1 .3.4 Mixed Test Environment 

It is not sufficient for a SRTT to have good performance in only one of the specified test environments defined in this 
section. The SRTT should also have a good performance in a mixed environment, see Recommendation ITU-R M.1035, 
section 10. For example, it can be a "vehicular test environment" (macro cells) and an "outdoor to indoor test 
environment" (micro cells) in the same geographical area. In this area fast moving terminals (vehicles) should probably 
be connected to the macro cells to reduce the handoff rate (number of hand-offs per minute) and slow moving terminals 
(pedestrians) should be connected to the micro cells to achieve high capacity. 

B.1.4 Propagation Models 

The following sections provide both path loss models and channel impulse response models for the terrestrial 
component. 

For the terrestrial environments, the propagation effects are divided into three distinct types of model. These are mean 
path loss, slow variation about the mean due to shadowing and scattering, and the rapid variation in the signal due to 
multipath effects. Equations are given for mean path loss for each of the three terrestrial environments. The slow 
variation is considered to be log-normally distributed. This is described by the standard deviation (given in the 
deployment model section). 

Finally, the rapid variation is characterized by the channel impulse response. Channel impulse response is modelled 
using a tapped delay line implementation. The characteristics of the tap variability is characterized by the Doppler 
spectrum. A detailed treatment of the propagation models is found in Appendix 1. 

B. 1.4.1 Path Loss Models 

Equations are given for mean path loss as a function of distance for each of the terrestrial environments except the 
mixed-cell test environment. The slow variation is considered to be log-normally distributed. This is described by the 
standard deviation expressed in dB and the decorrelation length of this long-term fading for the vehicular test 
environment. 



B.1.4.1.1 



Path Loss Model for Indoor Office Test Environment 



The indoor path loss model expressed in dB is in the following simplified form, which is derived from the COST 23 1 
indoor model presented in Appendix 1. This low increase of path loss versus distance is a worst-case from the 
interference point of view: 



where: 



R is the transmitter-receiver separation given in metres; 

n is the number of floors in the path. 

NOTE: L shall in no circumstances be less than free space loss. A log-normal shadow fading standard deviation of 
12 dB can be expected. 



B. 1.4.1 .2 Path Loss Model for Outdoor to Indoor and Pedestrian Test Environment 

The following model should be used for the outdoor to indoor and pedestrian test environment: 

L = 40Log 10 (R) + 30Log 10 (f) + 49 

where: 

R is the base station - mobile station separation in kilometres; 

f is the carrier frequency of 2000 in MHz for UMTS band application. 

NOTE: L shall in no circumstances be less than free space loss. This model is valid for non-line-of-sight (NLOS) 
case only and describes worse case propagation. Log-normal shadow fading with a standard deviation of 
10 dB for outdoor users and 12 dB for indoor users is assumed. The average building penetration loss is 
12 dB with a standard deviation of 8 dB. 



This model is to be used for coverage efficiency evaluation and simple capacity evaluation. A more detailed model is 
described hereafter in order to consider line of sight LOS and non line of sight NLOS situations. This model is to be 
used for spectrum efficiency evaluations in urban environments modelled through a Manhattan-like structure (see 
section 1.3), in order to properly evaluate the performance of RTTs in microcell situations that will be common in 
european cities at the time of UMTS deployment. 

The proposed model is a recursive model 2 , that calculates the path loss as a sum of LOS and NLOS segments. The 
shortest path along streets between the BS and the MS has to be found within the Manhattan environment. 

The path loss in dB is given by the well-known formula L — 20 * log l0 , 

X 

where is the "illusory" distance, 
X is the wavelength, 

n is the number of straight street segments between BS and MS (along the shortest path). 

The illusory distance is the sum of these street segments and can be obtained by recursively using the expressions 
K ~ K-i ^n-\ * c d n = k n • S n _ x + d n _ x where c is a function of the angle of the street crossing. For a 90 degree 
street crossing the value c should be set to 0.5. Further, s^ is the length in meters of the last segment. A segment is a 
straight path. The inital values are set according to: ko is set to 1 and do is set to 0. The illusory distance is obtained as 
the final d n when the last segment has been added. 

The model is extended to cover the micro cell dual slope behaviour, by modifying the expression to : 



J.E. Berg , "A recursive Method For Street Microcell Path Loss Calculations", PIMRC 4 95 ( Vol 1, pp 140-143 



1 = 20-^0(^^(2^)) where D(x) = J x/x *' X>X * . 

Before the break point x br the slope is 2, after the break point it increases to 4. The break point x br is set to 300 m. x is 
the distance from the transmiter to the receiver. 



To take into account effects of propagation going above roof tops it is also needed to calculate the pathloss according to 
the shortest geographical distance. This is done by using the commonly known COST Walfish-Ikegami Model and with 
antennas below roof tops : 

L=24 + 45 log(d+20) 

where d is the shortest physical geographical distance from the transmitter to the receiver in metres. 

The final pathloss value is the minimum between the path loss value from the propagation through the streets and the 
path loss based on the shortest geographical distance : 

Pathloss= min(manhattan pathloss, macro path loss) 

NOTE 1 : This pathloss model is valid for microcell coverage only with antenna located below roof top. In case the 
urban structure would be covered by macrocells, the former pathloss model should be used. 

B. 1.4. 1.3 Path Loss Model for Vehicular Test Environment 

This model, based on the same general format as in section 1.2.1.2, is applicable for the test scenarios in urban and 
suburban areas outside the high rise core where the buildings are of nearly uniform height. 

L= 40(l-4xlO" 3 Ahb)Iog 10 (R) -18Zog 10 (Ahb) + 2\Log l0 (f) + 80 dB. 

Where: 

R is the base station - mobile station separation in kilometres; 
f is the carrier frequency of 2000 MHz; 

Ahb is the base station antenna height, in metres, measured from the average rooftop level. 

To quantitatively evaluate each SRTT, the base station antenna height is fixed at 15 metres above the average rooftop 
(Ahb ~15m). Each proponent has an option to specify an alternate base station antenna height to optimize coverage and 
spectrum efficiency in their proposal. 

Considering a carrier frequency of 2000 Mhz and a base station antenna height of 15 metres, the formula becomes : 
L = 128.1 + 37.6 Log l0 (R) 

NOTE 1: L shall in no circumstances be less than free space loss. This model is valid for NLOS case only and 

describes worse case propagation. Log-normal shadow fading with 10 dB standard deviation are assumed 
in both urban and suburban areas. 

NOTE 2: The path loss model is valid for a range of Ahb fr° m 0 t0 50 metres. 

B.1 .4.1 .4 Decorrelation Length of the Long-term Fading 

The long-term (Log-Normal) fading in the logarithmic scale around the mean path loss L dB is characterized by a 
Gaussian distribution with zero mean and standard deviation. Due to the slow fading process versus distance A x, 
adjacent fading values are correlated. Its normalized autocorrelation function R(Ax) can be described with sufficient 
accuracy by an exponential function 3 . 



Gudmundson, M., "Correlation Model for Shadow Fading in Mobile Radio Systems," Electronics Letters, vol. 27, November 7, 1991, No 23, pp. 
2145-2146 



R(Ax) = e 

with the decorrelation length dc 0r) which is dependent on the environment. This concept can be applied in the vehicular 
test environment with a decorrelation length of 20 metres. 

Although the evaluation of decorrelation length may not be fully valid in the Outdoor to Indoor and Pedestrian 
environment, this concept is still to be applied with a decorrelation length of 5 metres. This ensures that all systems are 
evaluated using the same shadowing model. For the indoor environment, a decorrelation length of 5 meters should be 
used. 

B. 1.4.2 Channel Impulse Response Model 

For each terrestrial test environment, a channel impulse response model based on a tapped-delay line model is given. 
The model is characterized by the number of taps, the time delay relative to the first tap, the average power relative to 
the strongest tap, and the Doppler spectrum of each tap. A majority of the time, r.m.s. delay spreads are relatively small, 
but occasionally, there are "worst case" multipath characteristics that lead to much larger r.m.s. delay spreads. 
Measurements in outdoor environments show that r.m.s. delay spread can vary over an order of magnitude, within the 
same environment. Although large delay spreads occur relatively infrequently, they can have a major impact on system 
performance. To accurately evaluate the relative performance of candidate RTTs, it is desirable to model the variability 
of delay spread as well as the "worst case" locations where delay spread is relatively large. 

As this delay spread variability cannot be captured using a single tapped delay line, up to two multipath channels are 
defined for each test environment. Within one test environment channel A is the low delay spread case that occurs 
frequently, channel B is the median delay spread case that also occurs frequently. Each of these two channels is expected 
to be encountered for some percentage of time in a given test environment. Table 1.2.2.0 gives percentage of time the 
particular channel may be encountered with the associated r.m.s. average delay spread for channel A and channel B for 
each terrestrial test environment. 



Table 1.2.2.0: Parameters for Channel Impulse Response Model 



Test Environment 


r.m.s. A (ns) 


P(A) (%) 


r.m.s. B (ns) 


P(B) (%) 


Indoor Office 


35 


50 


100 


45 


Outdoor to Indoor and 
Pedestrian 


45 


40 


750 


55 


Vehicular - High Antenna 


370 


40 


4000 


55 



The following tables describe the tapped-delay-line parameters for each of the terrestrial test environments. For each tap 
of the channels three parameters are given: the time delay relative to the first tap, the average power relative to the 
strongest tap, and the Doppler spectrum of each tap. A small variation, ±3%, in the relative time delay is allowed so that 
the channel sampling rate can be made to match some multiple of the link simulation sample rate. 



Table 1.2.2.1: Indoor Office Test Environment Tapped-Delay-Line Parameters 



Tap 


Channel A 


Channel B 


Doppler 
Spectrum 


Rel- Delay 
(nsec) 


Avg. Power 
(dB) 


Rel. Delay 
(nsec) 


Avg. Power 
(dB) 


1 


0 


0 


0 


0 


FLAT 


2 


50 


-3.0 


100 


-3.6 


FLAT 


3 


110 


-10.0 


200 


-7.2 


FLAT 


4 


170 


-18.0 


300 


-10.8 


FLAT 


5 


290 


-26.0 


500 


-18.0 


FLAT 


6 


310 


-32.0 


700 


-25.2 


FLAT 



Table 1.2.2.2: Outdoor to Indoor and Pedestrian Test Environment Tapped-Delay-Line Parameters 



Tap 


Chan 


nel A 


Chanr 


telB 


Doppler 
Spectrum 




Rel. Delay 
(nsec) 


Avg. Power 
(dB) 


Rel. Delay 
(nsec) 


Avg. Power 
(dB) 


1 


0 


0 


0 


0 


CLASSIC 


2 


110 


-9.7 


200 


-0.9 


CLASSIC 


3 


19G 


-19.2 


800 


-4.9 


CLASSIC 


4 


410 


-22.8 


1200 


-8.0 


CLASSIC 


5 






2300 


-7.8 


CLASSIC 


6 






3700 


-23.9 


CLASSIC 



Table 1.2.2.3: Vehicular Test Environment, High Antenna, Tapped-Delay-Line Parameters 



Tap 


Channel A 


Channel B 


Doppler 
Spectrum 


Rel. Delay 
(nsec) 


Avg. Power (dB) 


Rel. Delay 
(nsec) 


Avg. Power 
(dB) 


1 


0 


0.0 


0 


-2.5 


CLASSIC 


2 


310 


-1.0 


300 


0 


CLASSIC 


3 


710 


-9.0 


8900 


-12.8 


CLASSIC 


4 


1090 


-10.0 


12900 


-10.0 


CLASSIC 


5 


1730 


-15.0 


17100 


-25.2 


CLASSIC 


6 


2510 


-20.0 


20000 


-16.0 


CLASSIC 



B.1 .5 Antenna patterns for sectorisation 

This section defines typical antenna pattern (from GSM networks) to be used in case of sectored antenna deployment. 
Only the horizontal pattern diagramm is considered and a typical pattern corresponding to a main sector of 90 degrees is 
proposed. Pattern tables specify the gain for each degree. The gain has to be selected according to the angle between the 
antenna pointing direction and the mobile-base station direction. 



Typical antenna pattern 




-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 

Angle (degrees) 



Main sector 90 deg 



Figure 1.5.1: Horizontal antenna pattern 

B.1 .6 Link Budget Template and Deployment Models 

In the sections that follow a link budget template and deployment models are proposed to be used for evaluation in each 
of the terrestrial test environments. 

For the terrestrial SRTTs, the deployment models are used to extract critical parameters, such as coverage efficiency and 
spectrum efficiency. They also give a general idea of the amount of infrastructure required to provide service to the 
specified model deployment area. 

The spectrum efficiency is defined in Erlangs/cell/MHz or kbit/s/cell/MHz for speech and in kbit/s/cell/MHz for data 
services.. Spectrum efficiency is dependent on the frequency bandwidth allocation and is not linearly scaleable between 
different bandwidth allocations. For the purpose of evaluation, a duplex bandwidth of 30 MHz is assumed and is to be 
divided between forward and reverse link as required by the SRTT implementation. An indication of the guardband 
needed between operators using the same SRTT should be given by the SRTT proponent. 

The coverage efficiency is defined as the total number of cell sites per square kilometre required to meet the coverage 
requirements specified for each test environment. Coverage efficiency is to be calculated at low traffic levels (as 
specified in deployment tables) since the system will most probably be interference limited at high traffic load. 

A specific deployment scenario is given for each terrestrial test environment. This contains information on market 
requirements including grade of service, traffic level, coverage requirements and subscriber penetration. Also given for 
each deployment scenario are the physical parameters of that environment which includes: area to cover, population 
density, and mobile terminal velocity (for Doppler frequency). 

Along with a link budget template for each terrestrial test environment a deployment model results matrix is to be 
completed for each specified traffic. The results matrix is found in Table 1.3.3. The simulations used to complete the 
link budget template are required to complete the model deployment for each test environment. Each system proponent 
must use only the propagation models given in section 1 .2 of this document. 

System proponents will assume a centre frequency of 2.0 GHz when completing the deployment models. 



B.1 .6.1 Terrestrial Link Budget Templates 



The link budget template shall be completed for both the forward and reverse links for each test environment and each 
test case service in Table 1 .0. In the case of the mixed environment, the link budget template should be completed for 
the pedestrian and vehicular test environments. The link budget template should not be considered as a tool for planning 

since-essential parts-are-missing-such as body loss r penetration-loss-into-ears ete.4 : o-facilitate^omparable-results--SR:T-T 

independent parameters are pre- set. 

Link level simulations based on channels A and B of the impulse response models are used to determine the required 
Eb/(No+Io) and hence the required C/I of their SRTT to meet the performance criteria given in Table 1.0. For 
calculations of coverage efficiencies, the worst case among channels A and B has to be assumed, but link level results 
should be given for both cases. Path loss formulas are then used to determine the maximum range and the coverage area. 
In case of hexagonal deployment of sectored cells, the area covered by one sector is defined as 

S = 3V3 — ^ / 2 , where R is the range obtained in the link budget. This means that the sectors are hexagonal with 

base stations placed in the corners of the hexagons. Coverage efficiency is to be evaluated with tri-sectored antennas for 
macrocells and with omnidirectional antennas for microcells and picocells coverages. 

Implementation independent parameters (ii) are fixed in the link budget template to avoid divergence not directly related 
to radio technology differences. The proponents must provide coverage efficiency values using these fixed ii values. 
Implementation dependent and independent link budget items are indicated by id and ii in the template. 

An infrastructure is determined by the proponent to meet the service objectives and coverage requirements for the 
deployment. Calculation of coverage efficiency is done based on the proposed deployment for the given low traffic 
levels. 



Table 1.3: Link Budget Template 



id/ii 


Item 


Forward Link 


Reverse Link 




Test environment 








Test service 








Multipath Channel Class 


A, B 


A, B 


ii/id 


(aO)"Average~Transmitter"Powerper traffic 
Channel (Note 1 ) 


dBm 


idBm 


id 


(a1) Maximum Transmitter Power per 
traffic Channel 


dBm 


dBm 


id 


(a2) Maximum Total Transmitter Power 


dBm 


dBm 


ii 


(b) Cable, connector, and combiner 
losses (enumerate sources) 


2dB 


OdB 


ii 


(c) Transmitter Antenna gain 


13 dBi vehicular 
10 dBi pedestrian 
2 dBi indoor 


OdBi 


id 


(d1) Transmitter e.i.r.p. per traffic channel 
=(a1-b+c) 


dBm 


dBm 


id 


(d2) Total Transmitter e.i.r.p. = (a2-b+c) 


dBm 


dBm 


ii 


(e) Receiver Antenna Gain 


OdBi 


13 dBi vehicular 
10 dBi pedestrian 
2 dBi indoor 


ii 


(f) Cable and Connector Losses 


OdB 


2dB 


ii 


(g) Receiver Noise Figure 


5dB 


5dB 


ii 


(h) Thermal Noise Density 
(H) (linear units) 


-174 dBm/Hz 
3.98x10" 18 mW/Hz 


-174 dBm/Hz 
3.98x1 0" 1 8 mW/Hz 


id 


(i) Receiver Interference Density (Note 2) 
(I) (linear units) 


dBm/Hz 
mW/Hz 


dBm/Hz 
mW/Hz 


id 


(j) Total Effective Noise plus Interference 
Density //„j.h\/im 
= 10Log(10 ((g+h)/10) + l) 


dBm/Hz 


dBm/Hz 


ii 


(k) Information Rate (10 log (Rb)) 


dBHz 


dBHz 


id 


(I) Required Eb/(No+lo) 


dB 


dB 


id 


(m) Receiver sensitivity = (i+k+l) 






id 


(n) Hand-off gain 


dB 


dB 


id 


(o) Explicit diversity gain 


dB 


dB 


id 


(o') Other gain 


dB 


dB 


id 


(p) Log-normal fade margin 


dB 


dB 


id 


(q) Maximum path loss 
= {d1-m+(e-f)+o+n+o* -p} 


dB 


dB 


id . 


(r) Maximum Range 


m 


m 



Notes to Table 1.3: 

NOTE 1 : Proponents must provide coverage and spectrum efficiencies values using the following proposed average 
transmitter power per traffic channel. However they should provide additional values based on optimized 
transmitter power for their proposed SRTT. 





Forward Link 


Reverse Link 


(a0) Average Transmitter 
Power per traffic Channel 


30 dBm vehicular 
20 dBm pedestrian 
10 dBm indoor 


24 dBm vehicular 
14 dBm pedestrian 
4 dBm indoor 



NOTE 2: Since the significance and method of calculating this value will vary from SRTT to SRTT, the proponent 
must give a detailed explanation of their method for calculating this value and its significance in 
determining capacity and coverage of the SRTT. In particular, the proponent must state explicitly what 
frequency reuse ratio and traffic loading per sector are assumed in determining this quantity. Interference 
has to be evaluated for the specified low traffic level given for each test environment 

The following sections provide descriptions of the individual link budget template items. Descriptions apply to both 
forward and reverse links unless specifically stated otherwise. For the forward link the base station is the transmitter and 
the mobile station the receiver. For the reverse link the mobile station is the transmitter and the base station the receiver. 



(aO) Average Transmitter Power Per Traffic Channel (dBm) 

The average transmitter power per traffic channel is defined as the mean of the total transmitted power over an entire 
transmission cycle with maximum transmitted power when transmitting. 

(al) Maximum Transmitter Power Per Traffic Channel (dBm) 

Maximum transmitter power per traffic channel is defined as the total power at the transmitter output for a single traffic 
channel. A traffic channel is defined as a communication path between a mobile station and a base station used for user 
and signalling traffic. The term traffic channel implies a forward traffic channel and reverse traffic channel pair. 

(a2) Maximum Total Transmitter Power (dBm) 

Maximum total transmit power is the aggregate maximum transmit power of all channels. 

(b) Cable, Connector, and Combiner Losses (Transmitter) (dB) 

These are the combined losses of all transmission system components between the transmitter output and the antenna 
input (all losses in positive dB values). The value is fixed in the template. 

(c) Transmitter Antenna Gain (dBi) 

Transmitter antenna gain is the maximum gain of the transmitter antenna in the horizontal plane (specified as dB relative 
to an isotropic radiator). The value is fixed in the template. 

(dl) Transmitter e.i.r.p. Per Traffic Channel (dBm) 

This is the summation of transmitter power output per traffic channel (dBm), transmission system losses (-dB), and the 
transmitter antenna gain (dBi), in the direction of maximum radiation. 

(d2) Transmitter e.i.r.p. (dBm) 

This is the summation of the total transmitter power (dBm), transmission system losses (-dB), and the transmitter 
antenna gain (dBi). 

(e) Receiver Antenna Gain (dBi) 

Receiver antenna gain is the maximum gain of the receiver antenna in the horizontal plane (specified as dB relative to an 
isotropic radiator). 

(f) Cable, Connector, and Splitter Losses (Receiver) (dB) 

These are the combined losses of all transmission system components between the receiving antenna output and the 
receiver input (all losses in positive dB values). The value is fixed in the template. 

(g) Receiver Noise Figure (dB) 

Receiver noise figure is the noise figure of the receiving system referenced to the receiver input. The value is fixed in the 
template. 

(h) , (H) Thermal Noise Density, No (dBm/Hz) 

Thermal noise density, No, is defined as the noise power per Hertz at the receiver input. Note that (h) is logarithmic 
units and (H) is linear units. The value is fixed in the template. 

(i) , (I) Receiver Interference Density ( Io (dBm/Hz)) 

Receiver interference density is the interference power per Hertz at the receiver front end. This is the in-band 
interference power divided by the system bandwidth. The in-band interference power consists of both co-channel 
interference as well as adjacent channel interference. Thus, the receiver and transmitter spectrum masks must be taken 
into account. Note that (i) is logarithmic units and (I) is linear units. Receiver interference density I 0 for forward link is 
the interference power per Hertz at the mobile station receiver located at the edge of coverage, in an interior cell. 

(j) Total Effective Noise Plus Interference Density (dBm/Hz) 



Total effective noise plus interference density (dBm/Hz) is the logarithinic sum of the receiver noise density and the 
receiver noise figure and the arithmetic sum with the receiver interference density, i.e. j = 10 Log (1 0^ g+h > n °) + 1 ) 

(k) Information Rate (lOLog(Rb)) (dBHz) 

Information rate is the channel bit rate in (dBHz); the choice of Rb mu st be consistent with the Eb^sumptions. 

(1) Required Eb/(No+Io) (dB) 

The ratio between the received energy per information bit to the total effective noise and interference power density 
needed to satisfy the quality objectives specified in Table 1.0 under condition of section 1.2.2 channel model. Power 
control should not exceed the ceiling established by the sum of the log-normal fade margin plus hand-off gain. Note: 
Diversity gains included in the E|j/(N 0 +I 0 ) requirement should be specified here to avoid double counting. The 
translation of the threshold error performance to Et/(N 0 + 1 0 ) performance depends on the particular multipath 
conditions assumed. 

(m) Receiver Sensitivity Q+k+\) (dBm) 

This is the signal level needed at the receiver input that just satisfies the required Eb/(No+Io). 
(n) Hand-off Gain/Loss (dB) 

This is the gain/loss factor (+ or -) brought by hand-off to maintain specified reliability at the boundary. Assume equal 
average loss to each of the two cells. The handoff gain/loss shall be calculated for 50% shadowing correlation. The 
proponent must state explicitly the other assumptions made about hand-off in determining the hand-off gain. 

(o) Explicit Diversity Gain (dB) 

This is the effective gain achieved using diversity techniques. It should be assumed that the correlation coefficient is 
zero between received paths. Note: Diversity gain should not be double counted. For example, if the diversity gain is 
included in the Efc/(N 0 +I 0 ) specification, it should not be included here. 

(o') Other Gain (dB) 

An additional gain may be achieved due to future technologies. For instance, Space Diversity Multiple Access (SDMA) 
may provide an excess antenna gain. Assumptions made to derive this gain must be given by the proponent. 

(p) Log-Normal Fade Margin (dB) 

The log-normal fade margin is defined at the cell boundary for isolated cells. This is the margin required to provide a 
specified coverage availability over the individual cells. 

(q) Maximum Path Loss (dB) 

This is the maximum loss that permits minimum SRTT performance at the cell boundary. 
Max. path loss = dl-m+(e-f)+o+o'+n-p 
(r) Maximum Range (km) 

The maximum range is computed for each deployment scenario. Maximum range, R m ax> is given by the range 
associated with the maximum path loss. The equations to determine path loss are given in section 1 .2 of this document. 

B.1 .6.2 Low traffic levels for coverage efficiency evaluation 

The coverage efficiency has to be evaluated for some specified traffic levels corresponding to a low network load, since 
the system will be most probably interference limited at high traffic loads. 

This section defines some low traffic density levels in kbit/s/km 2 , thus being independent of the service bit rate being 
used. For each test service, the user density is to be derived from these traffic density values, taking into account both 
the user bit rate and the channel activity factor : 



User density (Erlangs/km 2 ) = Traffic density / (User Bit Rate (kbit/s) . Activity Factor) 



Environment 


Traffic density (kbit/s/km 2 ) 


Indoor Office 


kbit/s per floor 


20 (uni-directional) 


Outdoor to Indoor and Pedestrian 


kbit/s per square km 


outdoor : 1.44 


.... ... 




indoor : 1.92 


Vehicular 


kbit/s per square km 


0.35 



NOTE: It is pointed out that these traffic density values have been derived from original low traffic densities in 
REVAL. However they have not been tested yet, and may then not correspond to 'low traffic levels' 
depending on the achieved range and system capacity. They may need to be revised once first coverage 
and capacity results will be obtained, but it is anyway important that all systems are evaluated using the 
same traffic values. For instance, they could be adjusted in order to correspond to 10 % of the network 
load at the averaged capacity limit. 

B.1 .6.3 Proposed methodology for coverage efficiency evaluation 

First rough estimation of range can be made using the link budget template with link level simulations only. This 
provides results for noise limited systems assuming rough values for interference density, hand-off gain and diversity 
gain. The maximum range is obtained from the maximal pathloss value obtained in the link budget and using pathloss 
models given in section 1.2. 

An alternative approach consists in using system simulations to determine coverage efficiency. This should be used in 
order to properly take into account interference density due to a specified traffic load and mobility effects. 

For each Test environment, coverage efficiency should be evaluated assuming an hexagonal cell lay-out, with tri- 
sectored antennas for macrocells (using the antenna pattern specified in section 1 .5) and omnidirectional antennas for 
microcells and picocells, and using the pathloss models given in section 1.2. Traffic density has to be fixed according to 
the specified low traffic values, and the cell size has to be increased until the following coverage criteria is not longer 
met: 

Probability (BER > BERJhreshold) <5% (where BER_Threshold refers to Table 1.0) 

The maximal range is given by the distance between two base stations. Implementation independent (ii) parameters 
specified in the link budget template should be accounted for in simulations. 

The maximal range should be evaluated for each circuit switched Test service since it will depend on the user bit rate. 

For the indoor to outdoor and pedestrian environment, the range should be evaluated with the first pathloss model. For 
the indoor environment, the range could probably be evaluated using one floor only. 

Note: For TDD refer to Annex D. 

B.1 .6.4 Deployment Model 

This section defines the physical structure and mobility models for each Test environment, to be used for spectrum 
efficiency evaluation by system simulations. 

A default deployment scheme is proposed for each Test environment in order to define common reference scenarios to 
allow comparison of systems under a same basis. Proponents can however provide additional spectrum efficiency values 
based on optimised deployment schemes according to their SRTT. The optimised scheme should then also be 
provided.Note: Annex D gives guidance on the approximation of deployment scenarios to finite area simulations. 

User mobility has to be accounted for in spectrum efficiency evaluation, since it has a big impact on system 
performance. Handover needs then also to be modelled in dynamic system simulations. However, in order to avoid 
differences in results being due to the cleverness of the handover algorithm, it is proposed to use simple handover 
algorithms based on pathloss criteria. Proponents should describe the algorithm and relavant parameters being used in 
their evaluation. Results related to handover statistics should also be provided (number of handover per call, percentage 
of mobiles in macrodiversity, etc.). 



B.1 .6.4.1 Indoor Office Test Environment Deployment Model 



This deployment scenario describes conditions relevant to the operation of a UMTS system that might be found in the 
indoor office test environment. The test service requirements for the indoor office environment are listed in Table 1 .0. 
For this indoor deployment scenario a model office environment is specified below and consists of a large office 

building with an open floor plan layout. O ffic e cubicles are separated by conducting moveable partitions. _These 

partitions create a large degree in signal variation as is born out in the log-normal standard deviation given in Table 
1.3.2. La. In this scenario users in elevators and stairwells are not considered though realistically they would have to be 
accounted for. 

The specific assumptions about the indoor physical deployment environment are summarized in Table 1.3.2. l.b below. 



Table 1.3.2.1.b: Indoor Office deployment model physical environment 



Area per 


Number of 


Room dimension 


Log-Normal Standard 


Mobile Velocity 


floor (m 2 ) 


floors 




Deviation (dB) 


(km/h) 


5000 


3 


10 x 10 x 3 m (room) 


12 


3 






100 x 5 x 3 m (corridor) 







The indoor model is illustrated on Figure 1 .3.2. 1 .A together with a default deployment scheme, where base stations use 
omnidirectional antennas. For spectrum efficiency evaluation quality statistics should only be collected in the middle 
floor. 
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Figure 1.3.2.1. A: Indoor office model and deployment scheme 

Mobility model 

The mobility model is characterised as follows: 
there are no mobility between the floors 

mobiles are either stationary or moving with constant speed from an office room to corridor or vice versa, 
if a mobile is in an office room, it has higher probability to be stationary 
if a mobile is in the corridore, it has lower probability to be stationary 

Each mobile is either in the stationary or the moving state. The transition from the stationary state to the moving state is 
random process. Time duration each mobile spends in the stationary state is drawn from the geometric (discrete 
exponential) distribution with different mean values depending whether the mobile is in an office room or in the 



corridore. The transition from the moving state to the stationary state takes place when mobile reaches its destination. 
Figure 1.3.2. LB illustrates the state transition. 

When a mobile is in an office room and it is switched to the moving state it moves to the corridor, see Figure 1.3.2. l.A, 
according to the following procedure: 

Select me~destmatidri~co-or^M l(Eal;]rplac^m~ffi 
probability to become the destination point.) 

The mobile 'walks' from its current location to the destination location so that first the vertical (y) co-ordinate is 
matched with the new co-ordinate and next the horizontal co-ordinate is matched with the destination co-ordinate. The 
speed is constant during the 'walking*. 

When the mobile reaches the destination point it is transferred into the stationary state. 

By letting mobiles simply walk straight out from the office room, it is simply assumed that the door dividing each office 
room and corridore is as wide as the office room itself. When a mobile is in a corridor and it is switched to the moving 
state it moves either to any of the office rooms with equal probability. The following 4 step procedure defines the 
movement along the corridor and from the corridor to an office room. 

Select the destination office room by using discrete uniform distribution. 

Select the destination co-ordinates with uniform distribution. (Each place in the corridor or in an office room has equal 
probability to become the destination point.) 

The mobile 'walks' from its current location so that first the horizontal (x) co-ordinate is matched with the new co- 
ordinate and next the vertical (y) co-ordinate is matched with the destination co-ordinate. The speed is constant during 
the 'walking'. 

When the mobile reaches the destination point it is transferred into the stationary state. 
At the stationary state mobiles do not move at all. 

P(M,8) 




P(S,M) 

Figure 1. 3.2.1. B: State automate presentation MS movement. 

To derive transition probabilities from the stationary state to the move state the following parameters must be set: ratio 
of mobiles at office rooms (r), mean office room stationary time (mr) and iteration time step (At). With these parameters 
the transition probabilities per iteration time step (1-At/mr, 1-At/mc) and mean corridor stationary time(mc) can be 
derived so that flow to the office rooms equals to the flow from the office rooms. 

r = (l-r) , 

mr mc 

with the default parameters, enlisted in the table below, the following values are obtained. 
P(S,S) in office room = 1-0.005/30=0,999833 
P(S,M) in office room = 0.005/30=0.0001667 
P(S,S) in office room = 1-0.0009444=0.9990556 



P(S,M) in office room = 0.005* 85/(30* 15)=0.0009444 

and average stationary time in the corridor becomes At/P(S,M)=5.294 seconds. 



The following table presents the default parameters for the indoor mobility model : 




B.1 .6.4.2 Outdoor To Indoor and Pedestrian Deployment Model 

The physical environment description includes only outdoor users, and is to be used for spectrum efficiency evaluation 
using system simulations. However in order to evaluate the indoor coverage provided by the outdoor base stations, an 
additional loss due to building penetration is to be taken into account in the link budget for coverage efficiency 
evaluation. Coverage figures for both outdoor and penetration should be provided. 

The test service requirements for the outdoor to indoor pedestrian environment are listed in Table 1.0. 

The specific assumptions about the outdoor physical deployment environment are summarized in Table 1.3.2.2.b below. 



Table 1.3.2.2.b: Deployment model physical environment 



Type 


Building Penetration 


Log-Normal 


Mobile 




Loss/standard 


Standard 


Velocity 




Deviation (dB) 


Deviation (dB) 


(km/h) 


Outdoor 


NA 


10 


3 


Indoor 


12/8 


12 


3 



A Manhattan-like structure is also defined for the Outdoor to Indoor and Pedestrian environment to be used together 
with the three slopes pathloss model being defined in section B. 1 .2.2. Parameters for this structure are defined in table 
1.3.2.2.C and illustrated on Figure 1.3.2.2A. A default deployment scheme is also proposed with base stations using 
omnidirectional antennas, and quality statistics should only be collected among cells marked with a T on the figure. 



Area 


Block size 


Street width 


Base station - 
mobile height 
difference 


6.5 km 2 


200 m x 200 m 


30 m 


10m 



• T 



Jt 



Figure 1.3.2.2.A: Manhattan-like urban model and deployment scheme 



Mobility model 



The urban mobility model is highly related to the Manhattan-like structure defined in Figure 1.3. 2.2. A. In such a 
structure, mobiles move along streets and may turn at cross streets with a given probability. Mobile's position is updated 
every 5 metres and speed can be changed at each position update according to a given probability. The mobility model 
is described by the following parameters:Mean speed : 3 km/h 

Minimum speed: 0 km/h 

Standard deviation for speed (normal distribution): 0.3 km/h 

Probability to change speed at position update : 0.2 

Probability to turn at cross street : 0.5 

The turning probability is illustrated on the figure below : 



TurnProb / 2 



1 - TurnProb 
* ► 



TurnProb / 2 



Mobiles are uniformly distributed in the street and their direction is randomly chosen at initialisation. 

NOTE: It is pointed out that the Outdoor to Indoor and Pedestrian wideband propagation channel B may not be 
relevant for the Manhattan structure due to high delay spreads. 

B. 1.6.4. 3 Vehicular Environment Deployment Model 

The test service requirements for the vehicular environment are listed in Table 1.0. The cell radius is 2000 m for 
services up to 144 kbit/s and 500 m for services above 144 kbit/s. The base station antenna height must be above the 
average rooftop height of 15 metres. The deployment scheme is assumed to be an hexagonal cell lay out with distances 
between base stations equal to 6 km (see Figure 1 .5.4.3.A below). Tri-sectored cells should be used with the antenna 
pattern being specified in section 1.5. 




Figure 1.3.4.3.A - Vehicular model and proposed deployment scheme 

The log-normal standard deviation for shadowing effects is assumed to be 10 dB. 
Mobility model 

The mobility model for the Vehicular Test environment is a pseudo random mobility model with semi-directed 
trajectories. Mobile's position is updated according to the decorrelation length (as defined in section 1.2.1.4), and 
direction can be changed at each position update according to a given probability. Direction can be changed within a 
given sector to simulate semi-directed trajectory. 



Mobile's speed is constant and the mobility model is defined by the following parameters : 
Speed value : 120 km/h 

Probability to change direction at position update : 0.2 
Maximal angle for direction update : 45° 
Decorrelation length : 20 metres 

Mobiles are uniformly distributed on the map and their direction is randomly chosen at initialisation. 

In addition, proponents should provide information on how high speed up to 500 km/h can be handled, mainly be means 
of link level performance figures. 

B.1 .6.4.4 Mixed-cell Pedestrian/Vehicular Test Environment Deployment Model 

This deployment scenario describes conditions relevant to the operation of a UMTS system that might be found in the 
mixed test environment. The physical environment consists in a urban area covered with microcells (with antenna below 
rooftop) and overlayed by macrocells (with antenna above rooftop). It can be considered as a mixture of Outdoor to 
Indoor and Vehicular Test environments. The surrounding open area covered by macrocells has to be large enough so 
that umbrella macrocells above the urban area are fully interfered by a full tier of co-channel interfering cells. An 
example is presented on figure 1.3 .2.4. A below, together with a proposed default deployment scheme. 

The test service requirements for the mixed-cell environment are listed in Table l.OThe cell radius is same as defined for 
vehicular and pedestrian. The link budget uses the pedestrian and vehicular ones which have been calculated before. The 
interference from the large cells to the small cells and vice versa should be accounted for, if necessary. 

The specific assumptions about the outdoor and vehicular physical deployment environment are summarized in Table 
1.3.2.4.b below. 



Table 1.3.2.4.b: Mixed test deployment model physical environment 



Path loss 


Log-Normal Standard 


Mobile Velocity 


% 


Type 


Deviation (dB) 


(km/h) 


users 


Pedestrian 


10 


3 


60 


(Outdoor) 








Vehicular 


10 


80-120 


40 



Mobility model 

Users move according to the Outdoor to Indoor and Pedestrian model in urban area, and according to the Vehicular 
mobility model in the open area. 

Handover between macrocells and microcells are allowed for all users, but the handover strategy used in the evaluation 
has to be given. The whole bandwidth can be partitioned between macrocells and microcells as desired for the proposed 
system. 
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Figure 1.3.2.4.A: Mixed physical environment and proposed deployment model 

B.1 .6.5 Spectrum efficiency evaluation 

This section presents the definition of system capacity to be used for spectrum efficiency evaluation, and a methodology 
to derive these figures using system simulations. 

The proponent shall not only provide spectrum efficiency numbers, but also additional results, specified in Section 
B.l.6.5.6. 

B. 1.6.5.1 Active Session Throughput 

The active session throughput, S 3 is defined as the ratio of correctly received user bits during the entire session and the 
session length excluding.the time where there is nothing to transmit (i.e. empty buffer). 

B. 1.6.5.2 Satisfied user 

For circuit switched services, we define a satisfied user as a user that have all three of the following constraints fulfilled: 

1. The user do not get blocked when arriving to the system. If blocking is applied, the proponent must specify used 
blocking criteria. 

2. The user have sufficiently good quality more than a certain time (fraction) of the session, i.e., Probability(BER > 
BERJThreshold) < x, % 

3. The user does not get dropped. A call is dropped if BER > BERJThreshold more than seconds. 

In order to get comparable results for good quality percentage, quality statistics have to be collected every ti seconds. 
For packet services, we define a satisfied user as a user that have all three of the following constraints fulfilled: 

1. The user do not get blocked when arriving to the system 4 . If blocking is applied, the proponent must specify used 
blocking criteria. 

2. The active session throughput, S, of the session is equal to or greater than ^threshold- 




The most common way of treating packet users is not to block them but to queue them. However, if the proponent applies some kind of admission 
control for packet users, there will exist a ratio of blocked packet users. Thus blocking of packet users, means that they are not put in a queue 
but entirely blocked from the system. 



3. The user does not get dropped. If dropping is applied, the proponent must specify used dropping criteria. 
NOTE: for TDD refer to Annex D 

B. 1.6.5.3 System Load 

The system load, v, is measured in [kb/s/cell/MHz]. 

For circuit switched users, the system load, v cs , is derived as follows: 

v cs = cot s * user_bitrate * activity_factor / system_bandwidth [kb/s/cell/MHz], 

where Cflbs is the average number of (simultaneous) circuit switched users per cell, i.e. the offered load (Erlangs). 
System load for packet users, v pkt , is derived as follows: 
v pkt = D/T/Ce/k/system^andwidht [kb/s/cell/MHz], 

where D is total number of correctly received user bits within the cells from where the statistics are collected 
Tis the simulation measuring time, defined as the time during the simulation when the statistics are collected 
Cells is the number of cells in the system from where the statistics are collected. 

The system load is calculated separately for uplink and downlink respectively. 
In the case of mixed services configurations, the system load is derived as: 



where N cs is the number of circuit switched services and N pkt is the number of packet services. 

B. 1.6. 5.4 Spectrum Efficiency 

For single service scenarios, the spectrum efficiency, v*, is defined as the system load where there are exactly x 2 % 
satisfied users. 

In the case of mixed services configurations, there must be at least x 2 % satisfied users for each service independently. 
The spectrum efficiency is defined as the system load where any of the services has exactly x 2 % satisfied users, whereas 
the rest of the services have at least x 2 % satisfied users each. This is exemplified in Figure 1.6. A. 

The spectrum efficiency should be given separately for uplink and downlink respectively. 
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Figure 1.6.A: Example of spectrum efficiency for a mixed service scenario with one circuit switched 

service and one packet service. 



B.1 .6.5.5 Parameter values 

In Table 1.6. A the values of the parameters previously mentioned are presented. 

TABLE 1.6.A: Values of parameter in spectrum efficiency evaluation 



Parameter 


Name/Description 


Value 


x i. 


"Bad quality probability threshold" 


5% 


ti 


sampling time for quality statistics 


0.5 second 


tdroppl 


"Dropping time-out, circuit switched" 


Max (5, 10/(bit rate . BERjhreshold) seconds 


^threshold 


"Active Session Throughput 
Threshold" 


10% of the average bit rates in footnote of Table LI 5 

(i.e., SteshoM = 0.8, 3.2, 6.4, 14.4, 38.4 and 204.8 kbit/s for 
average bit rates of R 12 64 1 44 184 anH 904R VHit/c 
respectively). 








x 2 


"Threshold for ratio of satisfied users" 


98% 


BW 


Bandwidth 


30 MHz duplex 



B.1 .6.5.6 Required results 

Within the spectrum efficiency evaluation the proponent shall, provide the following results for each test case: 

1 . Numerical value of the spectrum efficiency [kb/s/cell/MHz] 

2. Numerical value for ratio of satisfied users for the case from where the spectrum efficiency value (in 1.) is obtained. 

3. In case of UDD: Average active session throughput [kb/s], mean(S), for the case from where the spectrum efficiency 
value (in 1.) is obtained. 

4. In case UDD: A sample density function of the active session throughput values (per session) for the case from 
where the spectrum efficiency value (in 1.) is obtained. Such a sample density function is exemplified in Figure 
I.6.B. 



5 



The values of the active session throughput thresholds are chosen to make it possible to perform re-transmission, queuing, etc. in order to 
make the packet services effective from a system point of view. 
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Figure 1.6.B - Example of a sample density function for UDD 2048. 

B.1 .6.6 Deployment Model Result Matrix 

Results from the system deployment model are to be tabulated as specified below. 



Table 1.3.3: Deployment model result matrix 



Input Assumptions 


Test environment 




Test service mixture 




Total Number of cell sites 




Total bandwidth 




Base Station Antenna Height (m) 




Any other assumptions made by the 
proponent (e.g. antenna pattern, sectorization 
etc.) 




Deployment Results 


In addition to the results specified in Section 1 .6.5.6, coverage vs. cell radius should also be presented. 





B.1 .7 Guard band evaluation 



This section defines a simple methodology to be used in order to evaluate guard bands between non-coordinated UMTS 
operators, and also between non-coordinated UMTS and GSM operators. This methodology is to be applied for a quick 
evaluation of required guard band, but may not provide very accurate values. It is pointed out that the ERC/TG1 group 
might develop more detailed methods based on Monte Carlo simulations, in order to get a more accurate evaluation of 
the required guard bands. 

B.1 7.1 Scenarios for guard band evaluation 

The only scenario which is studied here is the case on uncoordinated base stations, meaning that base stations from 
different operators are not co-sited. Operators are using adjacent frequency bands. The guard bands should be evaluated 




for both TDD and FDD modes of UTRA, and also for GSM. The interference scenarios should consider coexistence of 
FDD and FDD, TDD and TDD, FDD and TDD, TDD and GSM and FDD and GSM. The different possible interference 
scenarios are depicted in Figure 1 .7. 1 below : 
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Figure 1.7.1: Interference scenarios for uncoordinated base stations 

It is pointed out that some interference scenarios may not be relevant depending on the modes being considered (for 
instance the BS to BS and MS to MS scenarios are not applicable when considering FDD modes). 

B. 1.7.2 Evaluation methodology 

Guard band are evaluated according to the so-called Minimum Coupling Loss (MCL) methodology. 

The Minimum Coupling Loss (MCL) represents the assumed minimum loss between a mobile and a base station 
belonging to non-coordinated cells. This value has to be evaluated according to the assumed physical minimal distance 
between between mobile and base station in each environment : 

MCL (dB) = Pathloss (MinimalDistance(MS,BS) - AntennaGain + FeederLoss 

At this coupling loss, the victim should have a 3 dB loss of sensitivity from interference generated by the non- 
coordinated mobile or base. This corresponds to an interference level at the receiver equal to the receiver noise floor. 



Coupling losses are given by the two following formulas for uplink and downlink scenarios 
MS— »BS interference scenario : 



[Coupling loss] 



BS^MS interference scenario 
[Coupling loss] 



MS— ^MS interference scenario : 
[Coupling loss] 



= [MS Tx noise in BS Rx bandwidth] - [BS sensitivity] + [BS C/I margin] 
+ [multiple interferer margin] 

= [MS Tx noise in BS Rx bandwidth] - [BS Interference level] + [multiple 
interferer margin] 

= [MS Tx noise in BS Rx bandwidth] - ([Thermal Noise density] + [Noise 
bandwidth] + [BS Noise figure]) + [multiple interferer margin]; 



= [BS Tx noise in MS Rx bandwidth] - [MS sensitivity] + [MS C/I 
margin] + [multiple interferer margin] 

= [BS Tx noise in MS Rx bandwidth] - [MS Interference level] + 
[multiple interferer margin] 

= [BS Tx noise in MS Rx bandwidth] - ([Thermal Noise density] + [Noise 
bandwidth] + [MS Noise figure]) + [multiple interferer margin]; 



= [MS Tx noise in MS Rx bandwidth] - [MS sensitivity] + [MS C/I 
margin] + [multiple interferer margin] 

= [MS Tx noise in BS Rx bandwidth] - [MS Interference level] + 
[multiple interferer margin] 

= [MS Tx noise in MS Rx bandwidth] - ([Thermal Noise density] + 
[Noise bandwidth] + [MS Noise figure]) + [multiple interferer margin]; 

BS^BS interference scenario : 

[Coupling loss] = [BS Tx noise in BS Rx bandwidth] - [BS sensitivity] + [BS C/I margin] 

+ [multiple interferer margin] 

= [BS Tx noise in BS Rx bandwidth] - [BS Interference level] + [multiple 
interferer margin] 

= [BS Tx noise in BS Rx bandwidth] - ([Thermal Noise density] + [Noise 
bandwidth] + [BS Noise figure]) + [multiple interferer margin]; 

The multiple interferer margin represents the fact that several interferers can transmit close to the receiver's band. This 
value is difficult to assess, since interference is caused mainly but not only by the last channels, and the number of 
interferers also depends on the system. In GSM 05.50, it is recommended to take a margin of 10 dB for MS-»BS. 
However, for these evaluations, a value of 0 dB is suggested for the multiple interference margin. 

B.1.7.3 System parameters 

The following system parameters are of major importance for the evaluation of guard bands. They should be given with 
the relevant justifications, according to the system specifications and the assumed implementation. 

- MS and BS noise figures 

- MS and BS assumed receiver filters and their noise bandwidth (the same filter should be used to calculate noise 
floor and received interference from the non-coordinated mobile/base station) 

- Resulting receiver noise floor levels 

- MS and BS transmitter powers 

- MS and BS transmitter spectrum masks and assumptions for the masks (non-linearities, output power back-off, 
etc.). Spectrum masks prior and after power amplifier should be given. 



B.1 .7.4 Presentation of results 

Guard bands have to be evaluated for the following cases : 

- UMTS carrier located next to a non-coordinated UMTS carrier 

- UMTS carrier located next to a non-coordinated GSM carrier 

Results should be presented as plots of attenuation of an interfering carrier into a receiver as a function of carrier 
spacing between the two adjacent carriers (belonging to different operators) (see Figure 1.7.2 below). 
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Figure 1.7.2 : Attenuation of interference as a function of carrier spacing 

The effective guard band value can be evaluated assuming a given MCL value. Guard bands required for different 
systems can then be compared using common assumptions. 

It is pointed out that the absolute values obtained with the MCL methodology may not be fully valid for the actual 
implementation of systems, but this simple methodology should permit to draw conclusions on the comparison between 
different radio interface options, as well as indicate rough estimates for required guard bands. 

The methodology is a worst case scenario analysis, demonstrating the effect of a single interfering source. The impact of 
guard bands on system performance needs other methods of evaluation, such as Monte Carlo analysis. The MCL method 
is however useful to give a quick indication of the impact of the choice of guard bands. 

B.1 .8 Propagation Models 

The following sections provide a more detailed treatment of both the path loss models, where more detail is available, 
and the channel impulse response models. The personal antenna height of 1.5 m is used in developing the propagation 
models for all test environments. 

B. 1.8.1 Path Loss Models 

B. 1.8. 1.1 Path Loss Model for Indoor Office Test Environment 

The indoor office path loss is based on the COST 231 model which is defined as follows 6 : 
L-L FS + I, + Ik i(1 L wi + n (&rt ^ 1) - b) *I* 



COST 23 1 Final Report, Commission of the European Communities. 



where 

Lps = free space between transmitter and receiver 
L c = constant loss 

k w j = number of penetrated walls of type i 
n —number of penetrated floors 
Lvri = loss of wall type i 
Lf = loss between adjacent floors 
b = empirical parameters 
NOTE 1 : L c normally is set to 37 dB. 

NOTE 2: n=4 is an average for indoor office environment. For capacity calculations in moderately pessimistic 
environments, the model can be modified to n = 3. 



Table 1.2.1: Weighted average for loss categories 



Loss category 


Description 


Factor (dB) 


Lf 


Typical floor structures (i.e. offices) 

- hollow pot tiles 

- reinforced concrete 

- thickness typ. < 30 cm 


18.3 


Lwl 


Light internal walls 

- plasterboard 

- walls with large numbers of holes (e.g. windows) 


3.4 


L W 2 


Internal walls 

- concrete, brick 

- minimum number of holes 


6.9 



Under the simplifying assumptions of the office environment the indoor path loss model has the following form: 

((n+2)/(n+t)-0.46) 

L = 37 + 30Zog ;o (R) + 18.3 -n 
where: 

R is the transmitter-receiver separation given in metres; 
n is the number of floors in the path. 



B,1 .8.1 .2 Path Loss Model for Outdoor to Indoor and Pedestrian Test Environment 

The following model is intended for the outdoor to indoor and pedestrian test environment. In the general model for 
outdoor transmission loss, the total transmission loss L in decibels between isotropic antennas is expressed as the sum of 
free space loss, Lf s , the diffraction loss from rooftop to the street, L rts , and the reduction due to multiple screen 
diffraction past rows of buildings, L ms c j. In this model, Lf s and are independent of the base station antenna height, 
while L mS( j is dependent on whether the base station antenna is at, below or above building heights. In general the 
model is given as: 

Hd) = L fi +L ra +L md 



Given a mobile-to-base separation R, the free space loss between them is given by: 



L fs =-10Log 10 



4nd J 



The diffraction from the rooftop down to the street level gives the excess loss to the mobile station: 

L rts = -iOLoglO 

where: 



x 4- 



1 f 



2k 2 t 9 2% + Q 



0 = tan -1 



Ah 



ml 



V x J 



Ah m is the difference between the mean building height and the mobile antenna height; jc is the horizontal 
distance between the mobile and the diffracting edges. 

For the general model, the multiple screen diffraction loss from the base antennas due to propagation past rows of 
buildings is: 

I w = -10Iog 10 (&, 2 ) 

where Q M is a factor dependent on the relative height of the base station antenna as being either at, below or above the 
mean building heights 7 , 8 . 

In this case the base-station antenna height is near mean rooftop level, then: 



The total transmission loss for the near rooftop case then becomes: 



L = -10Log 10 (^!^-) 2 - 10Log 10 



x 4- 



1 > 2 



2n 2 r 9 2k + 0 



-10Log 10 (|) 2 



When Ahb = -5 m, Ah m = 10.5m, x = 15 m, and b = 80m, as typical in an urban and suburban environment, the above 
path loss expression reduces to a simple function of the transmitter to receiver distance R (in kilometres)and frequency f 
(in MHz), 

L = 40Logio(R) + 30Logio(f) + 49 

Note: L shall in no circumstances be less than free space loss. 

B.1 .8.1 .3 Path Loss Model for Vehicular Test Environment 

This model, based on the same general format as in section B 1.2.2, is applicable for the test scenarios in urban and 
suburban areas outside the high rise core where the buildings are of nearly uniform height. 



In this case the base station antenna height is above rooftop level and: 



Xia, H.H., and Bertoni, H.L., "Diffraction of Cylindrical and Plane Waves By an Array of Absorbing Half Screens," IEEE Transactions on 
Antennas and Propagation, Vol. 40, No. 2, February 1992, pp. 170-177. 

Maciel, L.R., Bertoni, H.L., and Xia, H.H., "Unified Approach to Prediction of Propagation Over Buildings for All Ranges of Base Station 
Antenna Height," IEEE Transactions on Vehicular Technology, Vol. 42, No 1, February 1993, pp. 41-45. 



Q M =235 



where: 

Ah b is the height difference between the base-station antenna and the mean building rooftop height, 
b is the average separation between rows of buildings. 
The total transmission loss for the above rooftop case then becomes: 

\2 



L = -10Log 10 
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-10Log 10 
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- 10Log 10 



(2.35)' 



R 



Measurements in building environments 9 showed that the path loss slope is approximately a linear function of the base 
station antenna height relative to average rooftop Ahb- The above path loss equation can then be modified as 



L = -10Log 10 
where: 



f— T 



-10Log 10 



1 



1 



27t 2 rVe 271 + 0, 



- 10Log 10 



(235) : 



xl.8 



AhJ- 



/R 2(l-410" 3 Ah b ) 



6 = tan 1 



riAh m ^ 



r = J(Ah m ) 2 +x 2 

Ah m is the difference between the mean building height and the mobile antenna height; 

x is the horizontal distance between the mobile and the diffracting edges. 

When Ah m = 10.5m, x = 15m, and b = 80m, as typical in an urban and suburban environment with average buildings of 
four story height, the above path loss expression reduces to a simple function of the transmitter to receiver distance R (in 
kilometres), the base station antenna height measured from the average rooftop Ah b (in metres), and frequency f (in 
MHz), 

L= [40(l-4xl0* 3 AA,)]^g l0 (R) -18Log 10 (AA 6 ) + 2lLog l0 (f) + 80 dB 
NOTE 1: L shall in no circumstances be less than free space loss. 
NOTE 2: The path loss model is valid for a range of &h b from 0 to 50 metres. 

B. 1.8.2 Channel Impulse Response Model 

The channel model to be used for simulation is a discrete wide sense stationary uncorrelated scattering (WSSUS) 
channel model for which the received signal is represented by the sum of delayed replicas of the input signal weighted 
by independent zero-mean complex Gaussian time variant processes. Specifically, if z(t), w(t) denote the complex low 
pass representations of the channel input and output, respectively, then 

N 



Xia, H.H. et all, "Microcellular Propagation Characteristics for Personal Communications in Urban and Suburban environments," IEEE 
Transaction on Vehicular Technology, Vol. 43, No. 3, August 1994, pp. 743-752. 



where p n is the strength of the rfi 1 weight, and g n (t) is the complex Gaussian process weighting the vft 1 replica. 

The power spectrum of g n (t) , called the Doppler spectrum of the «'* path, controls the rate of fading due to the n th 
path. To completely define this channel model requires only a specification of the Doppler spectra of the tap weights 
{P n (l)); n = 1, . . . , N} , the tap delays {y w=7,.. JV}, and the tap weight strengths {p n \n = l 5 ...iV} . 

The process g n (t) is to be interpreted as modelling the superposition of unresolved multipath components arriving from 
different angles and in the vicinity of the delay interval 

(I \\ 
T n <T<T n + 

where jp is me bandwidth of the transmitted signal. 



V 



Each ray, in general, has a different Doppler shift corresponding to a different value of the cosine of the angle between 
the ray direction and the velocity vector. In the interests of simplicity the following assumptions are made: 

1) For outdoor channels a very large number of receive rays arrive uniformly distributed in azimuth at the mobile 
station and at zero elevation for each delay interval. Also, the antenna pattern is assumed to be uniform in the 
azimuthal direction. At the base station in general the received rays arrive in a limited range in azimuth. 

2) For indoor channels a very large number of receive rays arrive uniformly distributed in elevation and azimuth for 
each delay interval at the base station. Also, the antenna is assumed to be either a short or half-wave vertical 
dipole. 

Assumption 1 is identical to that used by Clarke 10 and Jakes 11 in narrow band channel modelling. Thus the same 
Doppler spectrum will result, i.e., 

11 i i v 

p n 0>) = p(d) = ; P I < x 




where Vis the velocity of the mobile and X is the wavelength at the carrier frequency. The term CLASSIC is used to 
identify this Doppler spectrum. 

Assumption 2 results in a Doppler spectrum that is nearly flat, and the choice of a flat spectrum has been made, i.e., 

PJv) = P(v) = — ; \v\<— 

Hence, this Doppler spectrum is referred to as "FLAT". 



10 Clark, R.H., "A Statistical Theory of Mobile Reception," BSJT, Vol. 49, 1968, pp 957-1000. 
* * Jakes, W.C. (Editor), Microwave Mobile Communications, John Wiley & Sons, 1974. 



Annex C: 

Detailed Evaluation Procedures 

This is same as in REVAL. 



C.1 Introduction 

This annex lists technical attributes which should be considered for the evaluation of RTTs against each of the criteria 
and gives indication on what possible impact they may have upon the different criteria. Other information submitted 
based on the template in Annex A, or additionally relevant information, may be considered during the evaluation. The 
evaluation described in this annex shall be done on the basis of the deployment models in Annex B. RTT performance 
evaluation is to be based on a common set of verifiable parameter assumptions for all evaluation criteria for each test 
environment; if conditions change the technology descriptions should explain it. This annex identifies which attributes 
can be described qualitatively (q) and quantitatively (Q). 

When more than one candidate SRTT is evaluated, it is useful to provide summary evaluations for each evaluation 
criteria. A summary criteria evaluation may be difficult to make when both qualitative and quantitative attributes must 
be considered and when each technical attribute may have different relative importance with the overall evaluation 
criteria. 

To facilitate such summary criteria evaluations, this annex identifies the importance or relative ranking of the various 
technical attributes within each evaluation criteria by giving a grouping Gl (most important), G2, G3, G4 (least 
important). Ranking of some attributes may be different for different test environments, in particular for the satellite 
environment. These rankings are based upon current anticipated market needs within some countries. It is recognized 
that the market needs may differ in the various countries in which UMTS may be deployed and that they may also 
change during the time in which SRTTs are being evaluated. It is also recognized that some new technical attributes or 
important considerations may be identified during the evaluation procedure that should impact any summary criteria 
evaluation. As such, evaluation groups may, if appropriate, modify the groupings of technical attributes, or add new 
attributes or considerations, in determining a summary criteria evaluation. Therefore, all evaluation groups are requested 
to include in their evaluation reports, information of the summary criteria evaluation including the relative importance 
which was placed on each technical attribute and any other considerations that affected the summary criteria evaluation. 

The evaluation methodology is discussed in section 9. 
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Annex A 


C3.1 


Spectrum Efficiency 

The following entries are considered in the evaluation of spectrum efficiency: 








C3.1.1 


For Terrestrial Environment 


C3.U.1 


Voice traffic capacity (Erlangs/MHz/cell in a total available assigned non- 
contiguous bandwidth of 30 MHz, 15 MHz forward/15 MHz reverse) for FDD 
mode or contiguous bandwidth of 30 MHz for TDD mode. 

This metric must be used for a common generic continuous voice bearer with 
characteristics 8 kbit/s data rate and an average BER 10" 3 as well as any other 
voice bearer included in the proposal which meets the quality requirements 
(assuming 50% VAD if it is used). For comparison purposes, all measures should 
assume the use of the deployment models in Annex B, including a 1% call 
blocking. The descriptions should be consistent with the descriptions under 
Criterion 6.1.7 - Coverage/Power Efficiency. Any other assumptions and the 
background for the calculation should be provided, including details of any 
optional speech CODECs being considered. 
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Al.3.1.5.1 


C3.1.1.2 


Information capacity (Mbps/MHz/cell in a total available assigned non- 
contiguous bandwidth of 30 MHz, 15 MHz forward/15 MHz reverse) for FDD 
mode or contiguous bandwidth of 30 MHz for TDD mode. 

The information capacity is to be calculated for each test service or traffic mix 
tor the appropriate test environments, lnis is me oniy measure inai wouiu oe 
used in the case of multimedia, or for classes of services using multiple speech 
coding bit rates. Information capacity is the instantaneous aggregate user bit rate 
of all active users over all channels within the system on a per cell basis. If the 
user traffic (voice and/or data) is asymmetric and the system can take advantage 
of this characteristic to increase capacity, it should be described qualitatively for 
the purposes of evaluation. 
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C3.1.2 


For Satellite Environment 

These values (A3. 1.2.1 & A3. 1.2.2) assume the use of the simulation conditions in Annex B. The first 
definition is valuable for comparing systems with identical user channel rates. The second definition is 
valuable for comparing systems with different voice and data channel rates. 


C3.1.2.1 


Voice information capacity per required RF bandwidth (bits/sec/Hz) 
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C3. 1.2.2 


Voice plus data information capacity per required RF bandwidth (bits/sec/Hz) 
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Gl 


Al.3.2.3.2 


C3.2 


Technology Complexity - Effect on Cost of Installation and Operation 

The considerations under Criterion 6.1.2 - Technology Complexity apply only to the infrastructure, 
including BSs (the handportable performance is considered elsewhere). 


C3.2.1 


Need for echo control 

The need for echo control is affected by the round trip delay, which is calculated 
as shown in Figure 1. 

Referring to Figure 1, consider the round trip delay with the VOCODER (Dl, 
msec) and also without that contributed by the VOCODER (D2, msec). 

Note: The delay of the CODEC should be that specified by ITU-T for the 
common generic voice bearer and if there are any proposals for optional 
CODECs include the information about those also. 


Q 


G4 


Al.3.7.2 
Al.3.7.3 


C3.2.2 


Transmitter Power and System Linearity Requirements 

Note: Satellite e.i.r.p. is not suitable for evaluation and comparison of SRTTs because it depends very much 
on satellite orbit. 

The SRTT attributes in section A3.2.2 impact system cost and complexity, with the resultant desirable 
effects of improving overall performance in other evaluation criteria. They are as follows. 



C3.2.2.1 


Peak Transmitter/Carrier (Pb) Power (not applicable to satellite) 

Peak transmitter power for the BS should be considered because lower peak 
power contributes to lower cost. Note that Pb may vary with test.environment 
application. This is the same peak transmitter power assumed in Annex B, Link 
budget template (Table 1.3). 


Q 


Gl 


Al.2.16.2.1 


C3.2.2.2 


Broadband Power Amplifier (PA) (not applicable to satellite) 

Is a broadband power amplifier used or required? If so, what are the peak and 
average transmitted power requirements into the antenna as measured in watts. 


Q 


Gl 


Al.4.10 

Al.2.16.2.1 

Al.2.16.2.2 

Al.5.5 

Al.2.5 


C3.2.2.3 


Linear Base Transmitter and Broadband Amplifier Requirements (not applicable to satellite) 


C3.2.2.3.1 


Adjacent channel splatter/emission and intermodulation affect system capacity 
and performance. Describe these requirements and the linearity and filtering of 
the base transmitter and broadband PA required to achieve them. 


q 


G3 


Al.4.2 
Al.4.10 


C3.2.2.3.2 


Also state the base transmitter and broadband PA (if one is used) peak to average 
transmitter output power, as a higher ratio requires greater linearity, heat 
dissipation and cost. 


Q 
& 

q 


G2 


Al.4.10 

Al.2.16.2.1 

Al.2.16.2.2 


C3. 2.2.4 


Receiver Linearity Requirements (not applicable to satellite) 

Is BS receiver linearity required? If so, state the receiver dynamic range required 
and the impact of signal input variation exceeding this range, e.g., loss of 
sensitivity and blocking. 


q 


G4 


Al.4.11 
Al.4.12 


C3.2.3 


Power Control Characteristics (not applicable to satellite) 

Does the proposed SRTT utilize transmitter power control? If so, is it used in 
both forward and reverse links? State the power control range, step size in dB 
and required accuracy, number of possible step sizes and number of power 
controls per second, which are concerned with BS technology complexity. 


Q 
& 

q 


G4 


Al.2.22 
Al.2.22.1 
Al. 2.22.2 
Al. 2.22.3 
Al.2.22.4 
Al.2.22.5 


C3.2.4 


Transmitter/Receiver Isolation Requirement (not applicable to satellite) 
If FDD is used, specify the noted requirement and how it is achieved. 


q 


G3 


Al.2.2 
Al. 2.2.2 
Al.2.2.1 



C3.2.5 


Digital Signal Processing Requirements 


C3.2.5.1 


Digital signal processing can be a significant proportion of the hardware for some 
radio interface proposals. It can contribute to the cost, size, weight and power 
consumption of the BS and influence secondary factors such as heat management 
and reliability. Any digital circuitry associated with the network interfaces should 
not be included. However any special requirements for interfacing with these 
functions should be included. 

This section of the evaluation should analyse the detailed description of the 
digital signal processing requirements, including performance characteristics, 
architecture and algorithms, in order to estimate the impact on complexity of the 
BSs. At a minimum the evaluation should review the signal processing estimates 
(MOPS, memory requirements, gate counts) required for demodulation, 
equalization, channel coding, error correction, diversity processing (including 
Rake receivers), adaptive antenna array processing, modulation, A-D and D-A 
converters and multiplexing as well as some IF and baseband filtering. For new 
technologies, there may be additional or alternative requirements (such as FFTs). 

Although specific implementations are likely to vary, good sample descriptions 
should allow the relative cost, complexity and power consumption to be 
compared for the candidate SRTTs, as well as the size and the weight of the 
circuitry. The descriptions should allow the evaluators to verify the signal 
processing requirement metrics, such as MOPS, memory and gate count, 
provided by the SRTT proponent. 


Q 
& 

q 


G2 


Al.4.13 


C3.2.5.2 


What is the channel coding/error handling for both the forward and reverse links. 
Provide details and ensure that implementation specifics are described and their 
impact considered in DSP requirements described in section A3 .2.5.1. 


q 


G4 


Al.2.12 
Al.4.13 


C3.2.6 


Antenna Systems 

The implementation of specialized antenna systems while potentially increasing the complexity and cost of 
the overall system can improve spectrum efficiency (e.g. smart antennas), quality (e.g. diversity), and reduce 
system deployment costs (e.g. remote antennas, leaky feeder antennas). 

Note: For the satellite component, diversity indicates the number of satellites involved; the other antenna 
attributes do not apply. 


C3.2.6.1 


Diversity: Describe the diversity schemes applied (including micro and macro 
diversity schemes). Include in this description the degree of improvement 
expected, and the number of additional antennas and receivers required to 
implement the proposed diversity design beyond and omni-directional antenna. 


Q 


G2 


Al.2.23 
Al.2.23.1 
Al. 2.23.2 


C3.2.6.2 


Remote Antennas: Describe whether and how remote antenna systems can be 
used to extend coverage to low traffic density areas. 


q 


G2 


Al.3.6 


C3.2.6.3 


Distributed Antennas: Describe whether and how distributed antenna designs are 
used. 


q 


G3 


Al.3.6 


C3.2.6.4 


Unique Antenna: Describe additional antenna systems which are either required 
or optional for the proposed system, e.g., beam shaping, leaky feeder. Include in 
the description the advantage or application of the antenna system. 


q 


G4 


Al.3.6 



C3.2.7 


BS Frequency Synchronization/Time Alignment Requirements 

Does the proposed SRTT require base transmitter and/or receiver station 
synchronization or base-to-base bit time alignment? If so, specify the long term 
(1 year) frequency stability requirements, and also the required bit-to-bit time 
alignment. Describe the means of achieving this. 


Q 
& 

q 


G3 


Al.4.1 
A1A3 


C3.2.8 


The number of users per RP carrier/frequency channel that the proposed SRTT 
can support affects overall cost - especially as bearer traffic requirements 

inrrpncp nr (TAnomnliir traffif* HpnQitv vjitipq wiHpIv with rimp 

ilil/l CdoC Ui gCUgldL/lJJH^ LI aiiit LLGUOlLjr VUilVJ WlUClJf WILLI 

Specify the maximum number of user channels that can be supported while still 
meeting ITU-T G.726 performance requirements for voice traffic. 


Q 


Gl 


Al.2.17 


C3.2.9 


Base Site Implementation/Installation Requirements (not applicable to satellite) 

BS size, mounting, antenna type and height can vary greatly as a function of cell 
size, SRTT design and application environment. Discuss its positive or negative 
impact on system complexity and cost. 


q 


Gl 


Al.4.17 


C3.2.10 


Handover Complexity 

Consistent with handover quality objectives defined in Criterion 6.1.3, describe 
how user handover is implemented for both voice and data services and its 
overall impact on infrastructure cost and complexity. 


Q 
q 


Gl 


A 1.2.24 
Al.4.6.1 


C3.3 


Quality 


C3.3.1 


Transparent Reconnect Procedure for Dropped Calls 

Dropped calls can result from shadowing and rapid signal loss. Air interfaces 
utilizing a transparent reconnect procedure - that is, the same as that employed 
for hand-off - mitigate against dropped calls whereas SRTTs requiring a 
reconnect procedure significantly different from that used for hand-off do not. 


q 


G2 


AL4.14 


C3.3.2 


Round trip delay, Dl (with VOCODER, msec) and D2 (without VOCODER, 
msec)- See Figure 1. 

Note: The delay of the CODEC should be that specified by ITU-T for the 
common generic voice bearer and if there are any proposals for optional 
CODECs include the information about those also. (For the satellite component, 
the satellite propagation delay is not included). 


Q 


G2 


Al.3.7.1 
Al.3.7.2 


C3.3.3 


Handover/ALT Quality 

Intra Switch/Controller handover directly affects voice service quality. 

Handover performance, rniiiimum break duration, and average number of 
handovers are key issues. 


Q 


G2 


Al.2.24 
AL2.24.1 
Al. 2.24.2 
Al.4.6.1 



C3.3.4 


Handover Quality for Data 

There should be a quantitative evaluation of the effect on data performance of 
handover. 


Q 


G3 


Al.2.24 
Al. 2.24.1 
AL2.24.2 
Al.4.6.1 


C3.3.5 


Maximum user bit rate for data (kbps) 

A higher user bit rate potentially provides higher data service quality (such as 
high quality video service) from the user's point of view. 


0 


Gl 


Al.3.3 


C3.3.6 


Channel Aggregation to Achieve Higher User Bit 

There should also be a qualitative evaluation of the method used to aggregate 
channels to provide higher bit rate services. 


Q 


G4 


Al.2.32 


C3.3.7 


Voice Quality 


Q 

Sir 

q 


Gl 


Al.2.19 




Recommendation ITU-R M.1079 specifies that UMTS speech quality without 
errors should be equivalent to ITU-T G.726 (32 kbps ADPCM) with desired 
performance at ITU-T G.71 1 (64 kbps PCM). 




Al.3.8 




Note : Voice Quality equivalent to ITU-T G.726 error free with no more than a 
0.5 degradation in MOS in the presence of 3% frame erasures might be a 
requirement. 








C3.3.8 


System Overload Performance (not applicable to satellite) 


Q 
& 

q 


G3 


Al.3.9.1 




Evaluate the effect on system blocking and quality performance on both the 
primary and adjacent cells during an overload condition, at e.g. 125%, 150%, 
175%, 200%. Also evaluate any other effects of an overload condition. 






C3.4 


Flexibility of Radio Technologies 


C3.4.1 


Services aspects 


C3.4.1.1 


Variable user bit rate capabilities 


q 
& 

Q 


G2 


Al.2.18 




Variable user bit rate applications can consist of the following: 




Al.2.18.1 




- adaptive signal coding as a function of RF signal quality 










- adaptive voice coder rate as a function of traffic loading as long as ITU-T 
G.726 performance is met 










- variable data rate as a function of user application 










- variable voice/data channel utilization as a function of traffic mix requirements. 








- 


Some important aspects which should be investigated are as follows: 










- how is variable bit rate supported? 










- what are the limitations? 










Supporting technicaHnformation should be provided such as - - - — 

- the range of possible data rates 

- the rate of changes (in ms). 









C3.4.1.2 


A/faYimnTn tnlpmKIp Tirvnnlpr cfufl - FH fnr whirh voice & data analitv 
requirements are met (terrestrial only) 

Supporting technical information: Fd 


n 
4 
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Q 


G3 


Al.3.1.4 


C3.4.L3 


Dnnnlpr (^rvrTvnf*rKafiriii A/fpthnd Satellite conmonent onlv^ 


o 
& 
q 


G3 


Al.3.2.2 




What is the Doppler compensation method and residual Doppler shift after 
compensation? 






C3.4.1.4 


How the maximum tolerable delay spread of the proposed technology impact the 
flexibility (e.g., ability to cope with very high mobile speed)? 


q 


G3 


Al.3.1.3 

Al.2.14 

Al.2.14.1 

Al.2.14.2 

Al.3.10 


C3.4.1.5 


Maximum user information bit rate, Ru (kbps) 


Q 
& 

q 


G2 


Al.3.3 




How flexibly services can be offered to customers ? 




Al.3.1.5.2 




What is the limitation in number of users for each particular service? (e.g. no 
more than two simultaneous 2 Mbit/s users) 






Al.2.31 
Al.2.32 


C3.4.1.6 


Multiple VOCODER rate capability 


Q 
& 

q 


G3 


Al.2.19 




- bit rate variability 




Al.2.19.1 




- delay variability 






Al.2.7 




- error protection variability 






Al.2.12 


C3.4.1.7 


Multimedia capabilities 


Q 




A 1 0 1 1 




The proponents should describe how multimedia services are handled. 


& 

q 




Al.2.20 




The following items should be evaluated: 






Al.3.1.5.2 




- possible limitations (in data rates, number of bearers) 






Al.2.18 




- ability to allocate extra bearers during of the communication 










- constraints for handover. 






Al.2.30 
Al. 2.30.1 


C3.4.2 


Planning 


_C3A2. 1 


Soectrum related matters _ _ _ 












C3.4.2.U 


Flexibility in the use of the frequency band 

The proponents should provide the necessary information related to this topic 
(e.g., allocation of sub-carriers with no constraints, handling of asymmetric 
services, usage of non-paired band). 


q 


Gl 


Al.2.1 
Al.2.2 
Al. 2.2.1 
-Al.2.3- 
Al.2.5.1 



C3.4.2.1.2 


Spectrum sharing capabilities 

The proponent should indicate how global spectrum allocation can be shared 
between operators in the same region. 

The following aspects may be detailed: 

- Means for spectrum sharing between operators in the same region 

- Guardband between operators in case of fixed sharing. 


q 

& 

Q 


G4 


Al.2.26 


C3.4.2.1.3 


Minimum frequency band necessary to operate the system in good conditions 
Supporting technical information: 

- impact of the Frequency Reuse pattern 

- bandwidth necessary to carry high peak data rate. 


Q 
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q 


Gl 


Al.2.1 

Al.4.15 

Al.2.5 


C3.4.2.2 


Radio resource planning 


C3.4.2.2.1 


Allocation of radio resources 

The proponents and evaluators should focus on the requirements and constraints 
imposed by the proposed technology. More particularly, the following aspects 
should be considered: 

- What are the methods used to make the allocation and planning of radio 
resources flexible? 

- What are the impacts on the network side (e.g. synchronization of BSs, 
signalling,)? 

- Other aspects. 

Examples of functions or type of planning required which may be supported by 
the proposed technology: 

-DCA 

- frequency hopping 

- code planning 

- time planning 

- interleaved frequency planning. 

Note: The use of the second adjacent channel instead of the adjacent channel at a 
neighbouring cluster cell is called "interleaved frequency planning". 

In some cases, no particular functions are necessary (e.g. Frequency Reuse = 1). 


q 


G2 


Al.2.25 
A 1.2.27 
Al.4.15 



C3.4.2.2.2 


Adaptability to adapt to different and/or time varying conditions (e.g., 
propagation, traffic) 

How the proposed technology cope with varying propagation and/or traffic 
conditions? 

Examples of adaptive functions which may be supported by the proposed 
technology: 

- DCA 

- link adaptation 

- fast power control 

- adaptation to large delay spreads. 

Some adaptivity aspects may be inherent to the SRTT. 


q 


G2 


Al.3.10 
Al.2.27 
Al.2.22 
Al.2.14 


C3.4.2.3 


Mixed Cell Architecture (not applicable to satellite component) 


C3.4.2.3.1 


Frequency management between different layers 


q 
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Gl 


Al.2.28 




What kind of planning is required to manage frequencies between the different 
layers? e.g. 




Al.4.15 




- fixed separation 










- dynamic separation. 










- possibility to use the same frequencies between different layers. 










Possible supporting technical information: 










- guard band. 








C3.4.2.3.2 


User adaptation to the environment 

What are the constraints to the management of users between the different cell 
layers? e.g. 

- constraints for handover between different layers 

- adaptation to the cell layers depending on services, mobile speed, mobile 
power. 


q 


G2 


Al.2.28 
Al.3.10 


C3 .4.2.4 


Fixed- Wireless Access 


C3.4 .2.4.1 


The proponents should indicate how well its technology is suited for operation in 




G4 


Al.1.3 




Uie" Fixed" Wireless Access" environment. 

Areas which would need evaluation include (not applicable to satellite 
component): 

- Ability to deploy small BSs easily 

- Use of repeaters 
-Use of large cells 

- Ability to support fixed and mobile users within a cell 

- Network and signalling simplification. 






Al.3.5 
Al.4.17 
Al.4.7 
Al.4.7.1 • 



C3A2A2 


Possible use of adaptive antennas (how well suited is the technology) (not 
applicable to satellite component) 

Is SRTT suited to introduce adaptive antennas? Explain the reason if it is. 


q 


G4 


Al.3.6 


C3.4.2A3 


Existing system migration capability and backwards compatibility to GSM/DCS 


q 


Gl 


Al.4.16 
A. 1.4.33 


C3.5 


Implication on Network Interface 


C3.5.1 


Examine the synchronization requirements with respect to the network interfaces. 

Best case: No special accommodation necessary to provide synchronization. 

Worst case: Special accommodation for synchronization is required, e.g. 
additional equipment at BS or special consideration for facilities. 


q 


G4 


Al.4.3 


C3.5.2 


Examine the SRTTs ability to miriimize the network infrastructure involvement 
in cell handover. 

Best case: Neither PSTN/ISDN nor mobile switch involvement in handover. 
Worst case: Landline network involvement essential for handover. 


q 


G3 


Al.2.24 
Al.4.6.1 


C3.5.3 


Landline Feature Transparency 


C3.5.3.1 


Examine the network modifications required for the SRTT to pass the standard 
set of ISDN bearer services. 

Best case: No modifications required. 

Worst case: Substantial modification required, such as interworking functions. 


q 


Gl 


Al.4.7.1 


C3.5.3.2 


Examine the extent of the PSTN/ISDN involvement in switching functionality. 
Best case: All switching of calls is handled by the PSTN/ISDN. 
Worst case: A separate mobile switch is required. 


q 


G2 


Al.4.6 
Al.4.8 


C3.5.3.3 


Examine the depth and duration of fading that would result in a dropped call to 
the PSTN/ISDN network. The robustness of an SRTTs ability to minimize 
dropped calls could be provided by techniques such as transparent reconnect. 


Q 
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q 


G3 


Al.2.24 
Al.4.14 


C3.5.3.4 


Examine the quantity and type of network interfaces necessary for the SRTT 
based on the deployment model used for spectrum and coverage efficiencies. The 
assessment should include those connections necessary for traffic, signalling and 
control as well as any special requirements, such as soft handover or simulcast. 


Q 


G2 


Al.2.30 

Al.2.30.1 

Al.4.9 


C3.6 


Handportable Performance Optimization Capability 






C3.6.1 


Isolation between transmitter and receiver 

Isolation between transmitter and receiver has an impact on the size and weight 
of the handportable. - - - 


Q 


G2 


Al.2.2 

Al.2.2.1 

Al'2.2.2 



C3.6.2 


Average terminal power output Po (mW) 

Lower power gives longer battery life and greater operating time. 


Q 


G2 


Al.2.16.1.2 


C3.6.3 


System Round Trip Delay impacts the amount of acoustical isolation required 
between handportable microphone and speaker components and, as such, the 
physical size and mechanical design of the subscriber unit. 

Note: The delay of the CODEC should be that specified by ITU-T for the 
common generic voice bearer and if there are any proposals for optional 
CODECs include the information about those also. (For the satellite component, 
the satellite propagation delay is not included). 


Q 
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G2 


Al.3.7 
Al.3.7.1 
Al.3.7.2 
Al.3.7.3 


C3.6.4 


Peak transmission power 


Q 


Gl 


Al.2.16.1.1 


C3.6.5 


Power control characteristics 

Does the proposed SRTT utilize transmitter power control? If so, is it used in both forward and reverse 
links? State the power control range, step size in dB and required accuracy, number of possible step sizes 
and number of power controls per second, which are concerned with mobile station technology complexity. 


C3.6.5.1 


Power control dynamic range 

Larger power control dynamic range gives longer battery life and greater 
operating time. 


Q 


G3 


Al.2.22 

Al.2.22.3 

Al.2.22.4 


C3.6.5.2 


Power control step size, accuracy and speed 


Q 


G3 


Al.2.22 
Al.2.22.1 

All "tO 1 

Al.2,22.2 
Al. 2.22.5 


C3.6.6 


Linear transmitter requirements 


q 


G3 


Al.4.10 


C3.6.7 


Linear receiver requirements (not applicable to satellite) 


q 


G3 


Al.4.11 


C3.6.8 


Dynamic range of receiver 

The lower the dynamic range requirement, the lower the complexity and ease of 
design implementation. 


Q 


G3 


Al.4.12 


C3.6.9 


Diversity schemes 

Diversity has an impact on handportable complexity and size. If utilized describe 
the type of diversity and address the following two attributes. 


Q 
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Al.2.23 

Al.2.23.1 

Al.2.23.2 


C3.~6.iO 


The number of antennas 


Q 


Gl 


Al.2.23.1 


C3.6.11 


The number of receivers 


Q 


Gl 


Al.2.23.1 


C3.6.12 


Frequency Stability 

Tight frequency stability requirements contribute to handportable complexity. 


Q 


G3 


AL4.1.2 



C3.6.13 


The ratio of "off (sleep)" time to "on" time 


Q 


Gl 


Al.2.29 
Al.2.29.1 


C3.6.I4 


Frequency generator step size, switched speed and frequency range 

Tight step size, switch speed and wide frequency range contribute to 
handportable complexity. Conversely, they increase SRTT flexibility. 


O 


G2 


Al.4.5 


C3.6.15 


Digital signal processing requirements 

Digital signal processing can be a significant proportion of the hardware for some 
radio interface proposals. It can contribute to the cost, size, weight and power 
consumption of the BS and influence secondary factors such as heat management 
and reliability. Any digital circuitry associated with the network interfaces should 
not be included. However any special requirements for interfacing with these 
functions should be included. 

This section of the evaluation should analyse the detailed description of the 
digital signal processing requirements, including performance characteristics, 
architecture and algorithms, in order to estimate the impact on complexity of the 
BSs. At a minimum the evaluation should review the signal processing estimates 
(MOPS, memory requirements, gate counts) required for demodulation, 
equalization, channel coding, error correction, diversity processing (including 
Rake receivers), adaptive antenna array processing, modulation, A-D and D-A 
converters and multiplexing as well as some EF and baseband filtering. For new 
technologies, there may be additional or alternative requirements (such as FFTs). 

Although specific implementations are likely to vary, good sample descriptions 
should allow the relative cost, complexity and power consumption to be 
compared for the candidate SRTTs, as well as the size and the weight of the 
circuitry. The descriptions should allow the evaluates to verify the signal 
processing requirement metrics, such as MOPS, memory and gate count, 
provided by the SRTT proponent. 


Q 
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Gl 


Al.4.13 


C3.7 


Coverage/Power Efficiency 


C3.7.1 


Terrestrial 
Coverage Efficiency: 

- The coverage efficiency is considered for the lowest traffic loadings. 

- The base site coverage efficiency can be quantitatively determined by addressing coverage limitation 
and/or by calculating the maximum coverage range for the lowest traffic loading. 



Base site coverage efficiency 

The number of base sites required to provide coverage at system start-up and 
ongoing traffic growth significantly impacts cost. From section 1.3.2 of Annex B, 
determine the coverage efficiency, C (km 2 /base sites), for the lowest traffic 
loadings. Proponent has to indicate the background of the calculation and also to 
indicate the maximum coverage range. 



Gl 



Al.3.1.7 
Al.3.1.7.1 
Al.3.1.7.2 
Al.3.4 



Method to increase the coverage efficiency 

Proponent describes the technique adopted to increase the coverage efficiency 
and drawbacks. 

Remote antenna systems can be used to economically extend vehicular coverage 
to low traffic density areas. SRTT link budget, propagation delay system noise 
and diversity strategies can be impacted by their use. 

Distributed antenna designs - similar to remote antenna systems - interconnect 
multiple antennas to a single radio port via broadband lines. However, their 
application is not necessary limited to providing coverage, but can also be used 
to economically provide continuous building coverage for pedestrian 
applications. System synchronization, delay spread, and noise performance can 
be impacted by their use. 



Gl 



Al.3.5 
Al.3.6 



Satellite 

Normalized Power Efficiency 

Supported information bit rate per required carrier power-to-noise density ratio 
for the given channel performance under the given interference conditions for 
voice 

Supported information bit rate per required carrier power-to-noise density ratio 
for the given channel performance under the given interference conditions for 
voice plus data mixed traffic. 



Gl 



Al.3.2.4 

Al.3.2.4.1 

Al.3.2.4.2 
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Annex D: 

Guidance on Simulations 
D.1 Introduction 

This annex lists information which is intended to clarify the interpretation of evalustion requirements. 

D.2 TDD working assumptions 
D.2.1 Circuit Switched Data Services 

For circuit switched services with 100% activity factors (i.e. constrained delay data), we assume that the traffic is in one 
direction only. We assume that: 

- with probability V4, traffic (with 100% activity) is from the mobile to the base station; 

- with probability X A, traffic (with 100% activity) is from the base station to the mobile. 

D.2. 2 Spectrum efficiency 

A satisfied user for a circuit switched service is as follows; 

1) The user is not blocked when arriving to the system. 

2) Over both directions of the entire call together, BER > BER_Threshold for less than x x % of the frames. 

3) The user is not dropped. A call is dropped if, in either direction of a call, BER > BER_Threshold in every frame 
for more than t dropP 2 seconds. 

D.2. 3 Coverage Efficiency - Bit Error Rate 

The coverage criterion is that, over both directions of the entire call together, BER > BER_Threshold for less than 5% 
of the frames. 



D.3 Finite Area Simulations 

Where an infinite area simulation is approximated by a finite area the method used and the measures taken to avoid 
border effects must be stated 



D.4 Decorrelation of Long Term fading - correct 
interpretation. 

Suppose that the lognormal component of the path loss at position P x has been determined to be I t ; suppose that we 
wish to compute the lognormal component L 2 at the "next" position P 2) where P 2 is a distance Ax metres away from P { . 
Then L 2 is normally distributed with mean R(Ax)L, and variance (1 - RiAx) 2 )^, where c is the standard deviation of the 
lognormal fading for that environment. 



This interpretation is based on the assumption that the successive path loss components L x and L 2 are jointly normally 
distributed, each with zero mean and with correlation R(Ax); the distribution quoted for L 2 is then the conditional 
distribution of L 2 given the value of L\. 
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Table A.1 The TFI/TFCI Parameters for speech service 



"Service profile type 



Service | Environm 
type | ent 



TFI(DCHs) 



TFCI 
64 value 
resolution 



Speech | Indoor 



Dynamic part 



10ms 
interlea 
ver, 
20ms 
interlea 
ver 



Semi-static part 



Transport Block Size 



Transport Block Set Size 



Transmission Time Interval 



Type of channel coding 



#1,#2 



Convolution 



Outer coding 



Outer interleaving 



pedestrian 



Dynamic part 



Semi-static part 



Vehicular 



Dynamic part 



Semi-static part 



Inner coding 



Inner interleaving 



Rate matching 



Transport Block Size 



Transport Block Set Size 



Transmission Time Interval 



Type of channel coding 



Outer coding 



Outer interleaving 



Inner coding 



Inner interleaving 



Rate matching 



Transport Block Size 



Transport Block Set Size 



Transmission Time Interval 



Type of channel coding 



Outer coding 



Outer interleaving 



Inner coding 



Inner interleaving 



Rate matching 



1/3 



32*10,32*20 
(10ms,20ms) 



9/10 



#3,#4 



Convolution 



1/3 



32*10,32*20 
(10ms,20ms) 



9/10' 



Convolution 



1/3 



32*10,32*20 
(10ms,20ms) 



9/10 



#5,#6 



Table A.2 The TFI/TFCI Paramo far t m M 
Service profile type 



Environm 
ent 

Indoor 



pedestrian 



service 



TFI(DCHs) 



TFCL 

64 resolution 



Dynamic part 



Transport Block Size 



Transport Block Set Size 



Semi-static part | Transmi ssion Time Interval 



Type of channel coding 



Outer coding 



Outer interleaving 



Inner coding 



Inner interleaving 



Rate matching 



Dynamic part Transport Block Size 



Transport Block Set Siw» 



Semi-static part | Transmission Time Interval 



Type of channel coding 



Outer coding 



Outer interleaving 



Inner coding 



Vehicular 



Inner interleaving 



Dynamic part 



Rate matching 
Transport Block Size 



RS/Convol. 



(36,32) 



36*20 



1/3 



128*136 
(80ms) 



65 bits rep. 



#8 



RS/Convol. 



(36,32) 



36*20 



1/3 



128*136 
(80ms) 



65 bits ] 



Transport Block Set Size 



Semi-static part | Transmission Time Interval 



Type of channel coding 



Outer coding 



Outer interleaving 



Inner coding 



Inner interleaving 



Rate matching 



#9 



RS/Convol. 



(36,32) 



36*20 



1/3 



128*136 
(80ms) 



65 bits rep. 



Table A.3 The TFI/TFCI Parameters for LCD144 service 



Service pro 


file type 


TFI(DCHs) 


TFCI 


Service 
type 


Environm 
ent 




64 resolution 


LCD144 


Vehicular 


Dynamic part 


Transport Block Size 




#10 




Transport Block Set Size 




Semi-static part 


Transmission Time Interval 




Type of channel coding 


RS/Convol. 


Outer coding 


(36,32) 


Outer interleaving 


36*45 


Inner coding 


1/3 


Inner interleaving 


128*302 
(80ms) 


Rate matching 


326bits 
puncturing. 



Table A.4 The TFI/TFCI Parameters for UDD64 service 



Service profile type 




TFI(DCHs) 




TFCI 














Service 


Environm 








64 resolution 


type 


ent 










UDD64 


Indoor 


Dynamic part 


Transport Block SiVe 




7F11 








Transport Block Set SiVe 


1 
1 








Semi-static part 


Transmission Time Interval 












Tvoe of channel rnHino 


vvOnVOl. 










Outer coding 












Outer interleaving 












TnnPT <t\ /"finer 


1 It 












10*04(1 Urns) 










mA^n hmft 

Iva IC marcmng 


4bits/10ms 
rep. 






pedestrian 


Dynamic part 


Tran^rifvrt Blnrk ^itp 




#12 








Transport Block Set 9i<7p 


1 
1 








Semi-static part 


Transmission Time Interval 














uonvoi. 










Outer codino' 












Outer interleaving 












inner coamg 


1/3 










« unci ULIICI leaving 


1 o*o4(l Oms) 










Iva IC inalCulQg 


4 bits/1 urns 
rep. 






Vehicular 


Dynamic part 


Transnort Block SiVe 


out 


Wi5 








TransDort Block Set SiVe 


i 
l 








Semi-static part 


Transmission Time Interval 












Tvoe of channel cnHrna 


v^onvoi. 










Outer endrnt* 












Outer interleaving 












Inner coding 


1/3 










Inner interleaving 


16*64(10ms) 










Rate matching 


4bits/10ms 
rep. 





Table 5 The TFI/TFCI Parameters for HDD 144 service 



Service profile type 


TFI(DCHs) 


TFCI 

64 resolution 


Service - - 


- Environm 


ent 






UDD144 


Vehicular 


Dynamic part 


Trflticnnrt R1nrV ^itp 


304 

JUT 


#14 




Transport Block Set Size 


2 


Semi-static part 


Transmission Time Interval 




Type of channel coding 


Convol. 


uuier cooing 




Outer interleaving 




Inner coding 


1/3 


Inner interleaving 


16*128' 
(10ms) 


Rate matching 


8bits/10ms 
rep. 
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